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Section 1
Introduction

The primary purpose of this Remedial Investigation (RI) Report is to present and interpret the
results from the Phase II field activities for the Southeast Rockford Groundwater Contamination
Study conducted from January 1993 through January 1994.

The Phase II field activities were designed to achieve the following objectives:

- Review historical information on potential source areas identified prior to Phase II;

- Provide preliminary screening information for the identified source areas;

- Define the extent of groundwater contamination within the Phase II study area;

- Evaluate contaminant migration pathways between source areas and the study area;

- Evaluate the potential for non-aqueous phase liquids in the subsurface;

- Monitor volatile organic vapors in residential basements located in areas of elevated
contaminant concentrations in shallow groundwater;

- Evaluate the risk to residents with drinking water wells within the Operable Unit study
area; and

- Gather data for a groundwater model to be used to assist with plume definition, source
area location, and evaluation of remedial alternatives.

This investigation was not designed to identify new source areas.

Phase 1II field activities included a soil gas survey of twelve potential source areas, soil boring
installation and sampling, monitoring well installation and sampling, residential well sampling,
residential air sampling and Source Area 7 test pit soil and ambient air sampling. During the
Phase II field activities, 212 soil gas points were sampled, 44 monitoring wells were installed, 55
subsurface soil borings were drilled, 116 subsurface and 10 surface soil samples were collected,
165 groundwater samples were collected from monitoring wells, 24 groundwater samples were
collected from residential wells, 20 residential air samples were collected, and two test pits were
excavated in the study area.

An additional objective of this RI Report is to assimilate the data collected by IEPA/CDM from
the Operable Unit, Phase I and Phase II studies, USGS, and work conducted by individual
facilities throughout the study area into one report to be used to support the Feasibility Study
(FS) and Record of Decision (ROD).

1.1 Study Area Description

The Southeast Rockford Groundwater Contamination study area is located in southeast Rockford
in Winnebago County, and covers approximately 10 square miles. The study area is bounded by
Broadway to the north, Sandy Hollow Road to the south, Mulford Road in the eastern portion of
Section 4 to the east, and the Rock River to the west. The workplan describes the eastern
boundary as Wendy Lane, however this was adjusted to Mulford Lane to provide a main
roadway for the eastern boundary.

CDM Camp Dresser & McKee 1-1
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Section 1
Introduction

The study area is predominantly an urban and suburban residential area, which includes
scattered industrial, agricultural, retail and commercial operations. A small industrial park is
located in the central portion of the study area in the vicinity of Laude Drive and 22nd Street.
Other industrial areas are situated in the vicinity of Harrison Avenue and Alpine Road, Sandy
Hollow Road and Alpine Road, near the Rock River in the northwest and elsewhere in the study
area. Agricultural areas are present in the southeastern portion of the study area, as well as
areas to the east and south of the study area. A larger scale map of the study area is included as
Plate 1-1 at the back of this volume. This map may be used throughout the report to locate
pertinent site features not detailed on smaller scale maps.

The study area is predominantly flat-lying and slopes gently westward towards the Rock River,
but locally contains low-relief hilly areas. Maximum topographic relief across the study area is
approximately 160 feet. A small concrete-lined drainage ditch runs across the western portion of
the study area and discharges to the Rock River in the southwestern corner. A review of 117
IDPH well construction reports established that the majority of the residential wells in the
western part of the study area were screened in the 40-feet to 70-feet range in a sand and gravel
aquifer. However, few residential wells are present in the portion of the study area east of 24th
Street. Although deeper residential wells exist in the study area, no systematic distribution of
the deeper wells is evident. A review of data from City of Rockford municipal wells established
the local stratigraphy in deeper portions of the subsurface, and showed the penetration of low
contaminant concentration to those depths.

The study area has been expanded in all directions from the boundaries which were used to
score the site for inclusion on the United States Environmental Protection Agency's (USEPA's)
National Priorities List (NPL), because sampling results have indicated that the plume of
contaminated groundwater extends beyond the original NPL site boundaries. The original NPL
boundaries were 8th Street to the west, Sawyer Road to the south, 21st Street to the east, and
Harrison Avenue to the north (Figure 1-1).

The stratigraphy of the study area consists of bedrock with locally significant subsurface relief
that is overlain by unconsolidated glacial sediments of variable thickness. The uppermost
bedrock unit is generally dolomite, which forms a subsurface valley greater than 200 feet deep in
the western part of the study area. Glacial sediments are thickest within this bedrock valley and
thinnest on the valley flanks. The glacial sediments and the bedrock constitute two
hydraulically-connected aquifers; no areally extensive aquitards have been identified between the
unconsolidated deposits and the dolomite.

1.2 Study Area History

Groundwater contamination by volatile organic compounds (VOCs) was initially discovered by
the Rockford Water Utility (RWU) in 1981. Four municipal wells in Southeast Rockford were
taken out of service in December 1981 due to the contamination. In 1982, the city discovered
that additional wells were contaminated and subsequently closed down these wells. Within the
study area, municipal Unit Well 35, located near Ken Rock Playground (Bildahl Street and Reed
Avenue), was found to be contaminated during a routine sampling of the well in 1984; the well
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Section 1
Introduction

was tested for 33 priority pollutants and several VOCs were detected. Because contaminants
were present at levels above the Safe Drinking Water Act Maximum Contaminant Level (MCL),
the well was taken out of service in 1985. During the "operable unit remedial action" conducted
by USEPA (July 1991 to November 1991) a granular activated carbon treatment system was
installed at Unit Well 35. The well is now pumped periodically based on service demand.

IEPA discovered that VOCs were present in Southeast Rockford's water in 1984 as a result of a
report that plating wastes were being illegally disposed of in a well located at 2613 South 11th
Street. In October 1984, IDPH initiated an investigation that involved sampling 49 wells in the
vicinity of this well. While the investigation did not find significant levels of contaminants
commonly associated with plating wastes, it did report high levels of chlorinated solvents, which
were also detected in the City of Rockford's municipal well. IDPH conducted four separate
sampling investigations involving residential wells in the Southeast Rockford area: 49 samples
were collected in 1984, 43 samples in 1985, 17 in 1988, and 267 in 1989. For the most part,
sample locations varied during the separate sampling investigations; however, in some cases,
wells were sampled more than once.

In 1986, the Illinois State Water Survey (ISWS) completed a project which involved a regional
characterization of groundwater quality in Rockford. The study indicated that groundwater
samples from public and private wells in the Southeast Rockford area contained significant
concentrations of VOCs. Seven private well sites sampled in the Southeast Rockford area as part
of the study contained greater than 10 ng/1 total VOCs; five of those seven contained greater
than 100 ng/1 total VOCs. One of the private wells containing greater than 100 pg/1 total VOCs
was located near the Rock River (Wehrmann, 1988).

As a result of sampling events by state and federal agencies, the Southeast Rockford site was
proposed for inclusion on the NPL in June 1988 and was added to the NPL in March 1989 as a
state-lead, federally-funded Superfund site. Throughout 1989, the USEPA Technical Assistance
Team (TAT) sampled 112 residential wells in the Southeast Rockford area and tested for the
following abbreviated list of VOCs:

¢ Trichloroethene ¢ 1,1,1-Trichloroethane
¢ cis-1,2,-Dichloroethene ¢ trans-1,2-Dichloroethene, and
¢ 1,2-Dichloroethane ¢ 1,1-Dichloroethane

In August 1989, the USEPA initiated a time critical removal action under which bottled water
was offered as a temporary measure to residents whose well water analysis results revealed
VOC levels greater than or equal to 25 percent of the Removal Action Level (RAL). In mid-
December 1989, these residences were equipped with carbon filters as an intermediate solution to
the problem. USEPA ultimately extended water mains and provided hookups to city water to
283 residences between June and November 1990.

During June 1990, Camp Dresser & McKee (CDM), under the direction of IEPA, conducted a
groundwater sampling investigation of 117 private wells in Southeast Rockford as part of the
Operable Unit Remedial Investigation. The objective of this sampling was to see if any homes
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had wells with levels of VOCs below the time critical removal action cutoff, but above MCLs.
The IEPA sampling revealed an additional 243 homes that needed to be connected to the City of
Rockford's municipal water supply system.

The Proposed Plan for this Operable Unit was released to the public in March 1991 and included
the connection of the affected homes to the municipal supply and the construction of a granular
activated carbon (GAC) treatment facility for municipal Unit Well 35. The Record of Decision
(ROD) was signed in June 1991.

The Operable Unit was established under the removal program in order to complete construction
during 1991. By November 1991, 264 homes were connected to city water. By November 1992,
the GAC unit was completely operational and available to assure sufficient service capacity for
the area.

From May to October of 1991, CDM and its subcontractors, under the direction of IEPA,
conducted the Phase I Remedial Investigation. In Phase I, the study area was expanded from the
original NPL site boundaries to an area of approximately 5 square miles. The Phase I area was
bounded on the north by Harrison Avenue, on the south by Sandy Hollow Road, Wendy Lane
to the east and the Rock River to the west. Phase I activities included a 225-point soil gas
survey, installation of 33 monitoring wells at 11 locations, hydraulic conductivity testing,
sampling and analysis of the 33 Phase I wells, 19 Illinois State Water Survey (ISWS) wells and 16
industrial wells, and subsurface soil sampling during drilling. The Phase I study was designed
to define the nature and distribution of groundwater contamination, define local geology and
hydrogeology, and to gain preliminary information on potential contaminant source areas.

The results of the Phase I investigation indicated two areas of groundwater contamination of
volatile organic compounds, including one area located near the industrial facility southeast of
the intersection of Harrison Avenue and Alpine Road, and a larger area near and down-gradient
(west-northwest) from well nest MW106 (see Figure 3-11). Near the downgradient extent of this
plume, several plumes, possibly related in part to the larger plume, are located west and
southwest of MW20.

Based on elevated VOC concentrations in soil gas or groundwater, eight (8) potential source
areas were also identified during the Phase I Investigation, as follows: 1) upgradient from well
nest MW106 (Area 7); 2) upgradient from well nest MW101 (Areas 5 and 6); 3) at the industrial
facility southeast of Harrison Avenue and Alpine Road (Area 8); and 4) several discrete locations
in industrial areas in the western part of the study area (Areas 1 through 4). At the conclusion
of the Phase I field activities a Technical Memorandum was prepared.

Subsequent to Phase I, CDM examined information on industrial operations and defined
additional potential source areas that were proposed for investigation during Phase II. These
areas were identified as Areas 9 through 14 (see Figure 4-1). The information examined included
IEPA files from the Rockford office, and information on facility practices provided to the USEPA
by industrial enterprises, under an ongoing enforcement action.
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In March 1992, USEPA and IEPA conducted a preliminary geophysical survey of Potential
Source Areas 6 and 7 that were identified in the Phase I Technical Memorandum. This survey
was prompted by reports of illegal dumping in Area 7 and the results of groundwater samples
collected during Phase I from MW106, 108 and 109.

Based on the preliminary results of the March 1992 survey, a more detailed investigation was
performed by CDM and USEPA in May 1992 in Area 7. The investigation included a terrain
conductivity survey, a ground-penetrating radar survey and a soil gas survey (see Figure 4-3).
Survey results indicated the presence of buried magnetic anomalies and VOCs in the soil gas,
primarily in the area of Ekberg Park (in Area 7).

The Phase II scoping activities began in the summer of 1992. The objectives of Phase II included:
1) filling data gaps identified in Phase I; 2) providing sufficient information on potential source
areas to allow an evaluation of need for future work; 3) gathering sufficient information to
expand the groundwater model; and 4) gathering sufficient information to support a risk
assessment and feasibility study.

The Phase II field activities were conducted from January 1993 to January 1994.

1.3 Organization of the Report

Section 2 of this report describes the analytical and field protocol used during the field activities.
The results of the hydrogeologic investigation are discussed in Section 3. Section 4 details the
results of the contaminant investigation. The groundwater modeling procedures, assumptions
and results are presented in Section 5. Section 6 contains the risk assessment for residential
wells. Conclusions and recommendations are detailed in Section 7 and references are provided
in Section 8.
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Section 2
Field Investigation Methods
and Procedures

2.1 Analytical Procedures

As detailed in the approved Quality Assurance Project Plan (March, 1993) for the Southeast
Rockford Phase II Remedial Investigation, the analytical procedures for the CLP Laboratory are
specified in the current USEPA CLP SOW OLM01.0 (8/91) for RAS low-medium concentration
organic analyses, in the current CLP SOW ILM02.0 (9/91) for RAS low-medium concentration
inorganic analysis, in the current CLP SOW (9/88) for high-concentration organic analyses and in
the current CLP SOW IHC01.1 for high-concentration inorganic analyses. The analytical
procedures for SAS CLP Laboratory analyses are specified in the SAS Client Request Forms
(provided in the Phase I QAPP). The analytical method (SW846 8010) used by Analytical
Laboratory Services Inc. of Rockford, Illinois for the screening level volatile organic analysis is
provided in the QAPP. The method for the on-site analysis of volatile organics in soil gas was
conducted using a field gas chromatograph in accordance with the method provided in
Appendix B of the Phase 1 QAPP (February, 1991).

2.2 Field Quality Control Procedures

Field quality control procedure for groundwater consisted of the collection and analysis of trip
blanks, field blanks, field duplicates and a sample of the water used for drilling. Field duplicates
were collected and analyzed for soil samples. Both residential and test pit air samples had field
duplicates and field blanks collected at the time of sampling. Trip blanks (analyzed for volatile
organics only) are used to determine whether sample contamination had occurred from sample
packaging or shipping. Field blanks serve to reveal possible sample contamination derived from
sampling procedures, packaging, or shipping. Field duplicates help to assess the reproductibility
of the sampling process and how well the sample represents the environment.

Irip Blanks

The liquid trip blanks were prepared by the IEPA laboratory with deionized water and were
preserved with hydrochloric acid to a pH <2. The trip blanks were transported to the field and
shipped, unopened, with the investigative groundwater samples to the CLP laboratory. Trip
blanks are used to check for possible bottle contamination or contamination resulting from
packaging and shipping. They were submitted for VOC groundwater samples only, at a

frequency of one per cooler as specified in the Sampling and Analysis Plan (SAP; CDM - April,
1993).
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Field Blanks

Field blanks are used to assess whether contamination is introduced to liquid samples by
sampling techniques, equipment, ambient field conditions, sample handling, packaging, or
shipping.

Field blanks were to be collected at a frequency of one blank per 10 investigative samples for
groundwater and air analyses. This frequency was met for all parameters except low detection
level analysis for volatile organics in groundwater and air samples from residential basements.

A total of 120 investigative groundwater samples were collected with only 11 associated field
blanks. One field blank was inadvertently omitted. Forty investigative air samples were
collected from residential basements. Only 2 field blanks were collected due to a limitation on
the number of sample canisters. Groundwater field blanks were prepared using deionized water
supplied in 20-liter plastic carboys by VWR Scientific. Field blanks were collected for the sample
parameters and were filtered and/or preserved in the same manner as the samples.

D ination Drilline Water Sampl

One sample was collected of the water used for drilling water. This sample is from the Rockford
municipal water supply. The decontamination water was also taken from the Rockford
municipal water supply, but at a different location. The drilling water likely reflects the
composition of the water used for decontamination. The cleaning and initial rinsing of sampling
instruments was performed using tap water from the Ken-Rock Community Center near the
location of the field trailer. The final rinse of all instruments, except for the sampling pumps,
was performed using deionized water; tap water was the final rinse for the interior of the
sampling pumps.

Field Dupli

To ascertain the reproductibility of data, field duplicates were collected and analyzed for soil, air,
and groundwater samples. Duplicate samples were collected by alternately filling sample
containers for each analytical fraction for the sample and then the duplicate. The sample and
duplicate were preserved and handled in a like manner. Field duplicates were to be collected at
a frequency of at least 1 duplicate for every 10 investigative samples.

This frequency of duplicate collection and analysis were met in most cases. Test pit samples (8
investigative: 1 duplicate), subsurface soil samples for metals/cyanide (91 investigative: 9
duplicates), groundwater samples for volatile, semivolatile, pesticide/PCBs, and metals/cyanide
samples (25 investigative: 4 duplicates), residential well samples volatile organics analysis (120
investigative: 12 duplicates), residential well samples (24 investigative: 2 duplicates)
groundwater samples for general water quality analyses (45 investigative: 7 duplicates) and test
pit air samples (18 investigative: 2 duplicates) all met the collection and analysis frequency
criteria of 1 field duplicate for every 10 investigative samples.

The only two sample media and laboratory parameters that did not meet the duplicate frequency
criteria were residential air samples (40 investigative: 1 duplicate) and subsurface soil samples
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analyzed for volatile and semivolatile organics and pesticide/PCBs (116 investigative: 10
duplicates). The lack of duplicates for residential air was due to a shortage of sample apparatus
shipped from the CLP lab and the shortage for the subsurface soils was due to poor recoveries
during sampling. Even though duplicate frequencies were not met for the above subsurface soil
parameters, the frequency is the slightly below the required 10 percent and should not impact
the quality of the data. Duplicate results for all sample matrices and laboratory parameters are
discussed in Appendix E.

m i n in-of

Details of the sample handling and chain-of-custody procedures that were followed are outlined
in the Final SAP (CDM - April, 1993), and only a general description is provided here. After the
analytical samples were collected and preserved as appropriate, they were placed in ice-bearing
coolers for the entire time that they remained in CDM's custody. The sample paperwork and
sample packaging were done in the CDM field trailer. Sample Traffic Report/Chain of Custody
Records were completed and sample tags were affixed to sample containers, which were then
placed in coolers with bags of ice and vermiculite packing material. Packing tape was used to
seal the coolers and custody seals were secured on the outside with clear tape. Sample coolers
were shipped by overnight carrier to the assigned CLP or SAS laboratory. The fast turnaround
screening level samples were hand delivered to ALS Laboratory in Rockford, in the provided
coolers, each day that the samples were collected.

2.3 Soil Gas Survey

Introduction

From January 25, 1993 through February 17, 1993, CDM performed the Phase II soil gas survey
at the Southeast Rockford Groundwater Contamination Study Area (Figure 4-1). The scope of
the survey was to further delineate source contamination areas found in the Phase I investigation
of the study area, and investigate possible new source areas based on other information gathered
after Phase I, including aerial photographs, site visits, previous IEPA or USEPA studies, and
information regarding industrial activities in the study area. To complete this scope of work,
CDM contracted Tracer Research Corporation (TRC) of Tucson, Arizona to advance a total of 212
soil gas probes in twelve separate areas in the study area. Soil gas samples were collected from
a depth of 5 feet, unless subsurface conditions impaired the advancement of the soil gas probe.
In these cases, the sample would be collected at a shallower depth (3.5-4 ft.). Soil gas samples
were analyzed in the field by use of a mobile gas chromatograph. All soil gas samples were
analyzed for tetrachloroethene (PCE), 1,1,1-trichloroethane (TCA), and trichloroethylene (TCE).
These compounds were chosen for analysis because they are the most prevalent compounds in
the groundwater based on previous studies. Additional information regarding soil gas sampling
parameters and procedures can be found in the Southeast Rockford Groundwater Contamination
Phase 1 Final Quality Assurance Project Plan and Final Sampling and Analysis Plan dated
February 1991.
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Field Equi Used

The field vehicle used by TRC to advance the soil gas probes and analyze the soil gas samples
was a one-ton Ford van. The vehicle was divided into two main parts, the probe
advancement/gas collection portion of the vehicle, located in the rear, and the analytical portion
located inside of the vehicle. The vehicle was equipped with a hydraulic system activated by a
hydraulic pump powered by the vehicle's engine. This hydraulic system makes possible the use
of the large hydraulic ram used to advance soil gas probes into the subsurface. In the event that
the hydraulic ram could not push the probe into the ground, a hydraulic falling head hammer
(jack hammer) was used to advance the probe. When a hard surface such as asphalt or concrete
was encountered, a Kango roto-hammer was used to drill a 1-1/2 inch diameter through which
to advance the probe. A vacuum pump located in the vehicle was used to purge the soil gas
sample from the probe.

To analyze the collected soil gas samples on-site, the vehicle was equipped with one Hewlett
Packard model 5890 series II gas chromatograph, and two Hewlett Packard computing
integrators. To supply the additional electric needed by the equipment, the vehicle used two
gasoline-powered generators installed inside the vehicle. Exhaust gases from the generators
were vented to the outside thus avoiding sample contamination from fumes. A crew of two
people performed the soil gas survey, consisting of a chemist in charge of the analytical portion
of the vehicle, and a sample technician to advance the probes and collect the soil gas samples.

Field Methods Used

Soil gas samples were collected using 7-foot long by 3/4-inch diameter steel pipe probes. Before
advancing the probe with the hydraulic ram, an aluminum point was attached to the end of the
probe. The point was temporary and remained in the ground upon removal of the probe. With
the point attached, the sample technician placed the probe into the hydraulic jaws of the ram.
The jaws held the probe while the ram advanced the probe to approximately 5 feet. The
technician pushes the probe to 5 feet in depth. When the desired depth was attained the
technician slowly raise the probe approximately three inches. This procedure removed the
temporary point from the end of the probe, and created a small annular space for soil gas to
collect. Once advancement of the probe was complete the technician attached a steel reducer to
the top of the probe. The steel reducer has a barbed nipple at the end which allows a silicone
hose to be connected to the probe. The silicone hose was then connected to the vacuum in the
TRC vehicle. Upon activating the vacuum, the technician purged 3 to 5 volumes of gas from the
probe thus removing any standing ambient air present. The length of time this procedure
requires is dependent on the type of subsurface material the probe was pushed into. Tight
clayey, very silty, or saturated materials require more time to purge than loose sandy or gravely
materials. After the technician completed purging the ambient air from the probe, a 10 ml glass
syringe was inserted into the silicone tube. A soil gas sample was the drawn from the probe
with the syringe, removed from the tube, and capped for analysis. After the sample was
collected, the syringe was transferred to the chemist, where it was labeled, and put aside for
analysis.
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After the chemist determined that enough sample has been drawn from the probe, the technician
removed the probe from the ground with the aid of the hydraulic ram. Once the probe was
removed, granulated bentonite was used to backfill the hole.

In areas that the sampling vehicle could not access, the sample probes were advanced by hand.
A slide hammer was used to pound the probe into the ground. Once the probe was at the
desired depth, a portable vacuum pump was used to purge the gas from the soil. The portable
pump was powered by electricity from the sampling vehicle. The procedure for purging and
sample collection was the same as described above.

Before the sample was injected, the chemist would transfer from the 10 ml syringe an aliquot of
sample into smaller syringes of the 1 microliter to 2 milliliter range. The sample injection size
was based on CDM's knowledge of the area. Smaller injections were made in areas where
background information indicated a strong possibility of contamination, as saturation of the gas
chromatograph packed column was not desirable. If the area was not "hot", the sample was re
injected with a larger volume of sample to achieve lower detection limits.

Quality Control

Quantification of compounds was achieved by comparison of the detector response of the sample
with the response measured for calibration standards (external standardization). Instrument
calibration checks were run periodically throughout the day as were system blanks to check for
contamination in the soil gas sampling equipment. Ambient air samples were also routinely
analyzed to check for background levels in the atmosphere.

Checks For Contaminati

All sampling syringes were checked for contamination prior to sampling each day by injecting
nitrogen carrier gas into the gas chromatograph. Microliter size sub sampling syringes were
reused only after a nitrogen carrier gas blank was run to insure there was no contamination from
previously injected samples.

A system blank was drawn through a randomly selected sample probe and adapter into
decontaminated syringe. An aliquot sample of this blank was analyzed to determine the
presence of contamination in the sampling apparatus.

Analyti i t ibrati

At the beginning of each day, standards of benzene, ethylbenzene, toluene, and xylene were
analyzed to calibrate analytical equipment and determine daily response factors. Chemical
standards were prepared in water from commercially available pure standards stored in
methanol. Prior to running standards, water for standards was analyzed for purity. At least
three standard injections were analyzed until resultant responses fell within 25% of each other.
Response factors were then calculated based on these standard responses. Standards were
repeated after every 5 samples to verify response.
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Additional information on quality control and analytical procedures can be found in the
Southeast Rockford Groundwater Contamination Phase I Final Quality Assurance Project
Plan/Final Sampling and Analysis Plan, Dated February, 1991.

Deviations from the P | Work Pl

The proposed scope of work outlined in the Work Plan and Sampling Plan for Soil Gas Survey
was fulfilled, however; slight deviations did occur during the duration of the project. Sample
locations were added or subtracted from given areas based on field conditions. Table 2-1
presents the proposed number of samples for each area, actual number of sample locations, and
describes the reasons the changes occurred.

2.4 Test Pit Investigation
Introduction

From June 15, 1993 through June 17, 1993, CDM performed a subsurface investigation of two
locations in source area 7 (see Figure 4-9). The two locations were chosen based on the results of
geophysical surveys (terrain conductivity and ground-penetrating radar), and soil gas survey
results. The test pit investigation included preliminary soil borings, test pit excavation, and
perimeter air sampling. Tests Pits were chosen as an investigative tool because of the large
exposure of subsurface materials that could be accomplished. Exposure of the subsurface in this
manner could give evidence as to the origin of any disposed material (labels, drums, containers,
etc.) that might be present in the area.

Test Pit Soil Bori

To screen for the presence of hydrogen cyanide, hydrogen sulfide and volatile organics, soil
borings were advanced at the test pit locations prior to excavation. If hydrogen cyanide had
been found during the advancement of the soil borings, the test pit excavation would not have
been performed due to the health risks associated with this compound. A total of eight soil
borings were advanced; four at each excavation area (Figure 4-8). To provide adequate coverage
of the area to be excavated, borings were positioned at the perimeter of the test pit. Soil borings
were advanced to a total depth of 15 feet using 4.25 inch hollow stem augers. The augers were
turned by a Mobile B-53 drill rig that was operated by OHM Corporation. All drilling
operations were performed in level B personal protective gear. During drilling, the augers were
paused every 2 feet and a 24 inch stainless steel split bore sampler, (split spoon) was driven
inside the augers to collect a soil sample. Split spoon samples were collected every 2 feet until a
total depth of 15 feet was accomplished. The soil samples were screened for hydrogen cyanide,
hydrogen sulfide, and organic vapors by OHM personnel (see Table 2-2). After the desired
depth was accomplished, the hollow stem augers were removed from the ground, and the
remaining hole was backfilled with drill cuttings. Any portion of the hole not backfilled with
drill cuttings was topped off with bentonite chips. Finally, a grass plug was used to cover the
hole.
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Table 2-1
Explanations for Deviations in the Soil Gas Study

Number of Proposed Number of Actual
Area Locations Locations Sampled Rational for the Change

1 17 , 17 No change from the work plan

2 12 11 One sample point removed due to space restriction between Harrison Avenue and Landfill

3 3 2 One sample point removed due to the presence of common traffic in the area.

4 27 18 A total of nine locations were eliminated. One location sliminated because access was
denied near Patkus Machine. Three locations eliminated near the North west corner of
the intersection of Alton and Marshall Streets due to utility clearance concerns, and the
presence of a fence that obstructed access to the area. Four locations were eliminated
the northeast comer of the intersection of Alton and Marshall Streets. The remaining points
in this area were repositioned to cover the same amount of area while eliminating four of
the proposed sample points.

5 10 7 Three sample points eliminated because of access issues with Northem lllinois Gas

7 13 15 Three sample points were added to better define the westemn extent of elevated soil gas
readings in the area.

9 5 6 One sample point added to achieve a more complete coverage of the area.

10 23 20 Three sample points eliminated due to difficulties in obtaining access

11 19 5 A total of fourteen sample points were eliminated. Nine sample points were eliminated due
to access denial by P & H partners. Five additional sample points were eliminated due to
access difficulties with MC Chemicals.

12 12 11 One sample point eliminated by increasing grid spacing to cover same amount area with
fewer sample points.

13 5 4 One sample point eliminated by increasing grid spacing to cover same amount area with
fewer sample points.

14 66 61 A total of five sample points were eliminated in this area. One sample point was eliminated
on the west side of the Borg Warner facility due to restricted egress into the area. Four
sample points were eliminated on the east side of the Borg Warner facility. These sample
points were removed since grid spacing was increased and the area could be covered
with less sample points.

TOTAL | 212 | 177 |




Table 2-2

Vapor Monitoring Results From Soil Borings Collected at the Test Pits

Organic Hydrogen Hydrogen
Boring Number  Depth Vapors Sulfide Cyanide
[ TP1-SB1 1-3 Ft. 0 ppm 0 ppm 0 ppm
TP1-SB1 3-5 Ft. 0 ppm 0 ppm 0 ppm
TP1-SB1 5-7 Ft. 0 ppm 0 ppm 0 ppm
TP1-SB1 7-9 Ft. 0 ppm 0 ppm 0 ppm
TP1-SB1 9-11 Ft. 0 ppm 0 ppm 0 ppm
TP1-SB1 11-13 Ft. 0 ppm 0 ppm 0 ppm
TP1-SB1 13-15 Ft. 0 ppm 0 ppm 0 ppm
’ TP1-SB2 1-3 Ft. 0 ppm 0 ppm 0 ppm
TP1-SB2 3-5 Ft. 0 ppm 0 ppm 0 ppm
TP1-SB2 5-7 Ft. 0 ppm 0 ppm 0 ppm
TP1-SB2 7-9 Ft. 0 ppm 0 ppm 0 ppm
TP1-5B2 9-11 Ft. 3 ppm 0 ppm 0 ppm
TP1-SB2 11-13 Ft. 0 ppm 0 ppm 0 ppm
- TP1-SB2 13-15 Ft. 0 ppm 0 ppm 0 ppm
TP1-SB3 1-3 Ft. 0 ppm 0 ppm 0 ppm
TP1-SB3 3-5 Ft. 0 ppm 0 ppm 0 ppm
TP1-SB3 5-7 Ft. 0 ppm 0 ppm 0 ppm
TP1-SB3 7-9 Ft. 0 ppm 0 ppm 0 ppm
TP1-SB3 9-11 Ft. 0 ppm 0 ppm 0 ppm
TP1-SB3 11-13 Ft. 0 ppm 0 ppm 0 ppm
TP1-SB3 13-15 Ft. 0 ppm 0 ppm 0 ppm
| TP1-SB4 1-3 Ft 0 ppm 0 ppm 0 ppm
TP1-SB4 3-5 Ft. 0 ppm 0 ppm 0 ppm
TP1-SB4 5-7 Ft. 0 ppm 0 ppm 0 ppm
TP1-5B4 7-9 Ft. 0 ppm 0 ppm 0 ppm
TP1-SB4 9-11 Ft. 0 ppm 0 ppm 0 ppm
TP1-SB4 11-13 Ft. 0 ppm 0 ppm 0 ppm
TP1-SB4 13-15 Ft. 0 ppm 0 ppm 0 ppm
e I TP2-SB1 1-3 Ft 1 ppm 0 ppm 0 ppm
TP2-SB1 3-5 Ft. N/R N/R N/R
TP2-SB1 5-7 Ft. 15 ppm 0 ppm 0 ppm
TP2-SB1 7-9 Ft. 14 ppm 0 ppm 0 ppm
TP2-SB1 9-11 Ft. 140 ppm 0 ppm 0 ppm
TP2-SB1 11-13 Ft. 22 ppm 0 ppm 0 ppm
TP2-SB2 1-3 Ft. 1 ppm 0 ppm 0 ppm
TP2-SB2 3-5 Ft. 5 ppm 0 ppm 0 ppm
TP2-SB2 5-7 Ft. 15 ppm 0 ppm 0 ppm
TP2-SB2 7-9 Ft. 130 ppm 0 ppm 0 ppm
TP2-SB2 9-11 Ft. 220 ppm 0 ppm 0 ppm
TP2-SB2 11-13 Ft. 140 ppm 0 ppm 0 ppm
TP2-SB2 13-15 Ft. 160 ppm 0 ppm 0 ppm
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Table 2-2

Vapor Monitoring Results From Soil Borings Collected at the Test Pits

Organic Hydrogen Hydrogen

Boring Number  Depth Vapors Sulfide Cyanide

[ TP2-SB3 1-3 Ft 0 ppm 0 ppm 0 ppm
TP2-SB3 3-5 Ft. 0 ppm 0 ppm 0 ppm
TP2-SB3 5-7 Ft. 0 ppm 0 ppm 0 ppm
TP2-5B3 7-9 Ft. 0 ppm 0 ppm 0 ppm
TP2-SB3 9-11 Ft. 0 ppm 0 ppm 0 ppm
TP2-5B3 11-13 Ft. 0 ppm 0 ppm 0 ppm

E TP2-SB3 13-15 Ft. 0 ppm 0 ppm 0 ppm
TP2-SB4 1-3 Ft. 0 ppm 0 ppm 0 ppm
TP2-5B4 3-5 Ft. 0 ppm 0 ppm 0 ppm
TP2-5B4 5-7 Ft. 0 ppm 0 ppm 0 ppm
TP2-5B4 7-9 Ft. 0 ppm 0 ppm 0 ppm
TP2-5B4 9-11 Ft. 0 ppm 0 ppm 0 ppm
TP2-SB4 11-13 Ft. 0 ppm 0 ppm 0 ppm
TP2-SB4 13-15 Ft. 0 ppm 0 ppm 0 ppm
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ite Saf

During drilling activities, an exclusion zone was constructed around the excavation to impede
access to the area. All subcontracted personnel involved in the drilling, or handling of split
spoons were suited in Level B personnel protective gear including air line respirators, tyvek
coveralls, splash shields, steel toe boots with rubber liners, and chemical resistant gloves. CDM
personnel remained up wind and did not enter the exclusion zone at any time during the
excavations. Before leaving the exclusion zone all personnel completed a through
decontamination process. This process included scrubbing all material from the exterior of the
tyvek suit, gloves, and boot covers with a solution of alconox and water. The suit was then
rinsed with distilled water. The gloves, boot covers and the tyvek suit were removed and
discarded in 55 gallon drums for later disposal.

L N

The drill rig used at the site could accommodate enough hollow stem augers to drill two
borings, or drill 30 feet before having to decontaminate the augers. To decontaminate materials
used while drilling, OHM mobilized a steel decontamination trough. All augers and other
contaminated materials were placed over the trough and sprayed by a high pressure steam
cleaner. The resulting water was captured by a sump in the trough, and then pumped into 55
gallon drums for subsequent removal and disposal. All hand held sampling equipment,
(spatulas, stainless steel trays, and split spoons) were decontaminated at the excavation between
samples. A solution of alconox and water was used to scrub debris from the object. The object
was then rinsed with tap water followed by a rinse with distilled water. All water generated
from this decontamination process was mixed with the water generated by the steam cleaner,
and drummed.

Test Pit Excavation

Results of the soil borings indicated no hydrogen cyanide was present in the excavation areas,
which allowed test pit excavation to proceed. The purpose of the test pit excavations was to
investigate and characterize the anomalies found during the soil gas and geophysical surveys.
Two areas were located where excavations would be conducted. Test pit 1 (TP-1), the northern
most excavation was located in an area of geophysical anomalies only. Test pit 2 (TP-2) the
southern most excavation were positioned in such a manner as to address geophysical, as well
as, soil gas anomalies. A detailed illustration of the test pit locations can be found on Figure 4-9.
Both test pits were excavated to 10 ft. x 10 ft. x 15 ft. dimensions as per the IEPA approved work
plan. In order to characterize any contaminants present in the test pits, soil samples were
collected from the walls and bottom of the test pits at varying depths. The soil samples were
selected for analysis by visual and organic vapor analyzer evidence of contamination. Soil
samples collected from the excavation were analyzed for TCL organics, TAL inorganics, and
TCLP organic and inorganic parameters. All personnel working inside the test pit exclusion
zone were outfitted in level B protective gear. Decontamination procedures for the personnel
were conducted as previously described.
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Field Equipment d

To accomplish the task of excavating the test pits, OHM mobilized a Caterpillar 225 excavator ,
and a caterpillar 225 drum grappler to the test pit site. The excavator was outfitted with a brass
edged bucket to prevent sparks, and a Plexiglas blast shield to protect the operator in case of an
explosion. The drum grappler was mobilized on site because drums were suspected in the area.
The drum grappler was to be used to remove any drums from the pit and place them in
overpack containers supplied by OHM.

Eoni D -

All equipment used while excavating the test pits was decontaminated with a high pressure
steamn cleaner between excavations. Water from this process was captured in the steel
decontamination trough used during drilling operations. All water generated by the
decontamination process was pumped to 55 gallon drums for storage and future disposal.

Test Pit Air Samol

To monitor ambient air quality at each excavation, and provide data that will likely be used to
evaluate potential health risks associated with any future construction or excavation in the area,
ambient air samples were collected from eight separate locations near the perimeter of each
excavation. Three air samples were collected up wind of each excavation from three separate
locations. Seven samples were collected down wind of each excavation from five separate
locations. The ambient air samples were drawn through Tenax tubes containing activated carbon
by use of a portable air sampling pump. The pumps were positioned on 4 foot high stakes to
sample air from the breathing zone. Figure 4-10 illustrates the locations and sample numbers of
the air samples collected from each excavation. The pumps were activated immediately before
breaking ground, and were deactivated when the excavation was totally backfilled. The air
samples were collected by OHM Corporation. Samples were labeled and packaged for shipment
to the lab by CDM. All air samples collected from the excavations were analyzed for volatile
organic compounds using EPA method TOL.

2.5 Monitoring Well Drilling and Installation

In uction

From July 6 through October 12, 1993, 44 monitoring wells were drilled and installed during the
Phase II investigation of the Southeast Rockford Groundwater Contamination Study Area (see
Figure 3-3). Of the 44 monitoring wells, 36 were installed in the unconsolidated aquifer, 6 were
installed in the dolomite (Galena/Platteville) aquifer, and 2 were installed in the St. Peter
Sandstone aquifer. WTD Environmental Drilling of Schofield, Wisconsin was contracted by
CDM to perform the drilling and installation activities. The primary objectives of installing
monitoring wells at the site were to better define the nature and extent of groundwater
contamination and determine to what extent contaminants had migrated from potential source
areas into the groundwater. Secondary objectives were to gather additional information for
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groundwater modeling, further define the local geology and hydrogeology of the study area, and
evaluate potential remedial
alternatives.

Drilling Methods

Hollow-stem augers were used to drill as many boreholes as was technically and economically
feasible. Where this drilling method was impracticable due to presence of heaving sands or due
to difficult drilling because of great depth, boreholes were drilled using the mud-rotary method.
This method was required for wells installed in the western portion of the study area where
depth to bedrock is at least 200 feet. At locations where drilling continued into the bedrock, the
bedrock portion of the borehole was drilled using the air-rotary drilling method. Except as
noted below, the boreholes were drilled with a minimum diameter of 6 inches, in

order to allow an annular space of 2 inches between the 2-inch I.D. Type 304 stainless steel riser
pipe and the wall of the borehole.

At locations where both the unconsolidated units and the bedrock were saturated, a 6-inch
(inside-diameter) outer casing was installed in boreholes that penetrate the bedrock, in order to
minimize interaquifer flow within the borehole (double cased). Such locations required that the
borehole diameter be approximately 7 to 9 inches, in order to admit the 6-inch casing. When
bedrock was reached at these locations, the 6-inch casing was installed approximately 5 feet into
the bedrock and the annular space sealed with a high-solids bentonite grout. Drilling into the
bedrock was then continued with air-rotary methods. Water was not added to the well during
the air drilling as enough water was present in the natural formation to facilitate lifting the
cuttings out of the borehole.

At MW112C, which was installed in the St. Peter sandstone, the unconsolidated and
Galena-Platteville aquifers, as well as the Glenwood Formation were present. As a result, triple
casing was required to minimize flow between any of these four units. A 10-inch casing was
installed from the surface to the top of the Galena-Platteville, and a 6-inch casing was installed
from the surface to the top of the Glenwood Formation. The 2-inch well pipe and screen were
then installed in the St. Peter Sandstone. This required a borehole diameter of approximately 14
inches in the unconsolidated units and approximately 10 inches in the Galena-Platteville. After
installing each casing, the annular space was sealed with a high-solids bentonite grout.

The drill rigs used during the Phase II monitoring well installation event were a BK Model 81, a
Diedtrich Model 50 (both used for mud rotary and hollow stem auger wells), and a Canterra
Model 350 (used for mud and air rotary wells).

Ground samples Callected During Drilli

In order to determine the optimal depth interval at which to set the monitoring well screen,
groundwater samples were collected for vertical profiling purposes at 10-foot intervals during
drilling at selected monitoring well locations. These samples were submitted to a local
laboratory subcontracted to CDM for 12-hour turnaround GC analysis of halogenated VOCs.
Upon receipt of the analytical results, the field geologist would determine the depth interval at
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which the monitoring well screen was to be set. The depth interval was generally centered on
the depth of the sample with the highest contaminant concentrations reported for that particular
drilling location. At several locations, however, groundwater samples were collected to also
determine the maximum depth penetration of contaminants in the aquifer system. At these
locations, the well screen of the deep monitoring well was set at the deepest contaminated
interval. This data is summarized and included as Appendix H12 to this report.

Collection of vertical profiling groundwater samples during drilling required two different
collection methods, based on whether the aquifer material was unconsolidated or bedrock. In
the unconsolidated aquifer, groundwater was sampled with a Hydropunch sampler that was
driven from the base of the borehole into virgin aquifer material. In the bedrock, such a method
was not possible, however, bedrock intervals were sampled by inserting a pump and inflatable
packer assembly at varying depths in the borehole. Packer sampling was conducted in the open
borehole. Although the packer inflation pressure was closely monitored, there is no guarantee
that a perfect seal was maintained. It is possible that air rotary drilling can strip VOCs out of
the groundwater near the borehole. To counteract this, approximately 3 volumes of
groundwater was purged from the borehole before collecting a groundwater sample.

Monitoring Well C , { Installation Method

Monitoring well construction is schematically illustrated in the Southeast Rockford Groundwater
Contamination Phase II Sampling and Analysis Plan dated April, 1993. The monitoring wells
installed during the Phase II investigation were constructed with 2-inch diameter riser pipes,
well screens, vented caps, and bottom plugs made of Type 304 stainless steel. At bedrock wells
where the unconsolidated unit was saturated, an additional 6-inch 1.D. outer casing was
installed. The 2-inch riser pipes were flush-threaded, and joints wrapped with Teflon tape
during installation to inhibit leakage. The well screens were either 5 or 10 feet long, and
continuously wound, with a slot size of 0.010 inches.

The filter pack used at the screened interval was a silt-free silica sand which was sized according
to the well screens used and the formations in which the materials were screened. The sand was
placed in the bottom-most foot of the borehole to form a pad on which to set the well. The well
was then placed, and the filter pack installed from the base of the screen to 2 to 3 feet above the
top of the screen. A 1-to 2-foot thick fine silica sand filter collar was installed above the filter
pack in order to prevent the bentonite grout seal from infiltrating the filter pack near the screen.
A well seal of high-solids clay grout, or bentonite chips was then placed from the top of the filter
collar up to two to three feet below the ground surface. The grout was tremmied into the
annular space from the bottom, in order to prevent the formation of gaps in the well seal. The
remaining two to three feet of the borehole was filled with concrete in which a protective well
casing was set. The protective well casing was a minimum of 5 inches in diameter and equipped
with a locking cap, to maintain the integrity of the well.

At locations where the well pipe rose above grade, the protective casing was approximately 5-6
feet in length, in order to allow the casing to extend 6 inches above the 2-3 foot stickup of the
riser pipe. The protective outer casing has two 1/4-inch holes (weep holes) drilled
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approximately 6 inches above ground level, to prevent the outer casing from filling with water.
The outer casing was filled with washed pea gravel or coarse sand to 6 inches below the top of
the riser pipe.

At well locations where the well pipe was at or below grade, a flush mount protective well
casing was used. The flush mount casing was approximately 8 inches in diameter and 1.5 feet in
length, of which 2 to 3 inches was left above grade. The remainder of the casing was cemented
into place. A rubber gasket sealed locking well cap was placed on the well pipe and bolts on the
cover were attached to the casing.

A concrete apron was installed at the ground surface around the protective outer casings. The
concrete apron was sloped radially away from the well to facilitate surface drainage. The
concrete apron was separated from the concrete plug in which the protective casing was set by a
caulked joint in order to minimize the effects of frost heave. In the case of stick-up wells, where
necessary, six-foot steel bumper posts were set in concrete around the well nests, in order to
prevent damage to the wells from vehicles.

Monitorine Well Devel

In order to remove silt and other fines from the screened interval of newly installed monitoring
wells, the wells were developed with a surge and pump method. This development method
entails connecting a solid PVC surge block to a cord which was lowered into the screened
interval of the well. The surge block was then raised and lowered rapidly for the vertical
distance of the screen. This surging action loosened up silt or mud deposits caked in the
screened interval. After aggressively surging the well, a bailer, impeller type pump, or nitrogen
air lift was used to remove at least 10 well volumes of water from the well. Deep wells with
large well volumes or good flow rates were developed with an impeller type pump or nitrogen
air lift. Shallow wells with small well volumes, or poorly recharging wells were developed with
a bailer. Periodically, the pump or bailer was removed from the well and the surge block again
lowered into the screened interval. This periodic surging would help to loosen up silt that was
drawn in and trapped in the filter pack around the screen by the removal of water from the well.
If after 10 well volumes, the water from the well was still cloudy, pumping or bailing would
continue until the water clarity improved.

Equipment T ination Proced

Between each monitoring well location, decontamination of large equipment (drill rigs, augers,
and associated equipment) was performed at a decontamination station in close proximity to the
monitoring well location. Decontamination consisted of high-pressure steam cleaning and
scrubbing, as necessary. Decontaminated equipment was stored on plastic sheeting or aluminum
foil preventing it from coming in contact with the ground surface and other potentially
contaminated materials. The rear end of the drill rig was also steam cleaned between well
locations.
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Storage and Disposal of Generated Wastes

The drilling and sampling activities of the Phase II investigation generated liquid and solid
wastes, including soil, drill cuttings, drilling fluids(bentonite mud), and personal protective
equipment. Based on historical information gathered during Phase I investigation, wastes from
areas where VOC concentrations were expected to be greater than 1 part per million were sealed
in 55-gallon drums and placed in the secured drum storage area for subsequent disposal.

Deviati E Work Plan

During Phase II monitoring well drilling and installation activities monitoring wells were added
or removed from the original list of wells to be installed outlined in the approved work plan.
The following is a list of the addition or subtractions that occurred:

= Monitoring well MW120 listed in the work plan was not drilled. CDM and IEPA
agreed that the well was not necessary based on lack of significant soil gas readings in
Source Area 1.

= Monitoring well MW122 listed in the work plan was moved from the western to the
eastern portion of the site. An additional well was added at this location (MW122B)
to get a better vertical profile of groundwater in the area.

= Monitoring wells MW131 and 132 were relocated. Initially these two wells were
located downgradient of Area 5, however, no significant soil gas anomalies were
present in Area 5 and the wells were moved to Source Area 12. The second wells in
these nests (MW131B and MW132B) were not drilled because the new locations only
required an investigation of the shallow aquifer.

= Monitoring well MW134C was added to the MW134 nest. The well was added in an
attempt to get a full vertical profile of contamination distribution immediately
downgradient of Area 7.

u Monitoring wells MW136B and C were not installed at the MW136 monitoring well
nest. These two wells were removed because open-hole packer samples were
collected at depth eliminating the need for the proposed wells.

a Monitoring well MW137 was removed from the list of well in the work plan as low
soil gas results in area 14 deemed it unnecessary.

L Monitoring well MW141 was moved from Area 14 due to the lack of soil gas
anomalies detected in the area. The well was placed near the potential source area
east of the intersection of Harrison Avenue and 20th Street.

= Monitoring well MW142 was added to the wells listed in the work plan. The well
was added to evaluate the nearby potential source area to the east of the intersection
at Harrison Ave. and 20th Street.
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2.6 Soil Sampling

From June 21 through December 3, 1993, CDM collected 116 subsurface soil samples during the
Phase II soil boring and monitoring well installation activities for the Southeast Rockford
Groundwater Contamination study area. Additionally 10 surface soil samples were collected at
various locations in Area 4 and Area 7. Subsurface soil samples were collected for analytical,
geotechnical and lithologic purposes. Surface samples were collected only for analytical

purposes.
Analytical Samples

During drilling activities at the site, subsurface soil samples were collected with a 2-inch split
spoon sampler in accordance with ASTM standards. The sampling interval was generally five
foot intervals for source investigation wells and borings, and 10 foot intervals for groundwater
investigation wells. The samples were analyzed (to the extent possible, depending on sample
recovery) for Target Compound List (TCL) Organics and Target Analyte List (TAL) Inorganics.
The samples were field-screened prior to collection with an organic vapor monitor (OVM). In
general, the two samples exhibiting the highest and the lowest detectable concentrations of VOCs
were collected for analysis. For borings that did not indicate VOC readings from field-screening,
the soil sample nearest the water table was collected for analysis.

Analytical samples were collected for the following reasons: 1) to define soil contamination near
or at potential source areas (for source investigation wells and borings;) 2) to determine
background soil chemical characteristics away from source areas; and 3) provide information
about contaminant partitioning between the groundwater and soil media, which is in turn
important to define in assessing both contaminant plume migration and remediation alternatives.
A total of 126 soil samples (surface and subsurface) were collected for analysis during the Phase
II soil sampling event.

t ical 1

To assess the proportion of clay-sized materials available for adsorption of organics in the site
aquifers, and to assist in the analysis of hydraulic conductivity of the aquifers, five subsurface
soil samples were submitted for geotechnical analysis. This analysis included grain size and
hydraulic conductivity analysis. The geotechnical samples were collected from MW114B,
MW133, MW101A, MW122, and MW114. As with the samples selected for analytical purposes,
the samples for geotechnical analysis were selected to be representative of the lateral and vertical
variations in the unconsolidated stratigraphic units across the study area. Geotechnical samples
that were analyzed for hydraulic conductivity were collected with 3-inch diameter shelby tubes.
Samples that were collected for grain size analysis only were collected with a standard 2-inch
split spoon.
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Lithologic Sampl

During the Phase II soil sampling event, lithologic samples were collected to gain a clear
understanding of the nature of the materials penetrated by the boreholes, to assist in
stratigraphic correlation of clay deposits, and to define preferential pathways of groundwater
(and contaminant) migration. The lithologic samples were visually inspected and classified by
CDM's onsite geologist. All subsurface soil samples collected during the Phase II sampling event
were used for lithologic purposes.

Surface Soil Samples
During Phase II, surface soil samples were collected to aid in determining if contamination was
present at the surface in Areas 4 and 7. Samples were collected by cutting a grass plug from the

area with a garden trowel, then collecting soil from the area. The soil was put into the
appropriate containers, and the grass plug was replaced.

D nation Proced

Between each sample location, decontamination of large equipment (drill rigs, augers, and
associated equipment) was performed at a decontamination station in close proximity to the
boring location. Decontamination consisted of high-pressure steam cleaning and scrubbing, as
necessary. Decontaminated equipment was stored on plastic sheeting or aluminum foil
preventing it from coming in contact with the ground surface and other potentially contaminated
materials.

Sampling equipment, including split-spoon samplers, reusable spatulas, and any other
implements which came in contact with the samples were decontaminated by scrubbing with a
dilute alconox and tap water solution, followed by a tap water rinse, and a final deionized water
rinse. Decontaminated equipment was placed on or wrapped in clean tin foil prior to next use.

Storage and Disposal of Generated Wastes
The drilling and sampling activities of the Phase II investigation generated liquid and soil

wastes, including soil, drill cutting, and personal protective equipment. The wastes were sealed
in 55-gallon drums and placed in the secured area for subsequent disposal.

Deviations Form the Work Plan

The following deviations from the work plan occurred while conducting Phase II soil sampling
activities:

= During drilling of source area soil borings, samples were collected in the saturated
zone as well as the unsaturated zone. The work plan stated that samples would only
be collected from the unsaturated zone. This deviation occurred in an attempt to
define contamination zones in areas where seasonal water table fluctuations occur.
Due to the wet spring in the local area, some depth intervals were saturated that

CDM Camp Dresser & McKee 2-17

i\1681-07\phasell
January 26, 1995



Section 2
Field Investigation Methods
and Procedures

would have been above the water table during other years. Such intervals were
sampled to provide adequate source characterization. In addition, sampling was
continued below the water table in areas of continuous high contamination, until
contaminants declined (based on organic vapor head-space readings).

L Geotechnical samples were not collected from every boring when analytical samples
were collected as per the work plan. Geotechnical samples were only collected from
five borings, as it was determined in the field that slug tests would better characterize
hydraulic conductivity in the unconsolidated aquifer than numerous geotechnical
samples.

2.7 Groundwater Sampling
Introduction

CDM conducted the Phase II groundwater sampling event from September 28, through October
20, 1993. A total of 165 groundwater samples were collected during the event (120 groundwater
samples, 12 duplicates, 11 field blanks, and 22 trip blanks). The samples were collected from
industrial wells, Illinois State Water Survey wells, existing monitoring wells (all CDM installed
Phase I wells), and newly installed CDM Phase II monitoring wells. Table 2-3 lists all wells
sampled, and the analysis performed on the samples. Table 2-4 lists industrial well sampled in
Phase II. The primary objectives for the groundwater sampling event were as follows: 1) better
define the lateral and vertical extent of contamination in the study area; 2) identify potential
contaminant migration pathways from identified source areas to the site; 3) evaluate potential
contaminant source areas; 4) better define the geology and hydrogeology of the study area; 5)
provide data that will support groundwater modeling, a risk assessment, and evaluation of
remedial alternatives.

S ling P ! | Equi t Used
Bailers

Disposable polyethylene, and stainless steel bailers were used to purge and collect samples from
some wells in the study area. This method was performed on those wells which had slow
recharge rates, were very silty, or held little water.

Upon arrival at the well an electric water tape was lowered down the well indicating the current
water level in the well. A purge volume was calculated from the water level data, and purging
was begun. A total of at least 3 well volumes were removed from the well. This was
accomplished by raising and lowering the bailer into the water in the well on a dedicated nylon
cord. Beginning after the removal of the third volume, water quality parameters were collected
(pH, temperature, and specific conductance) with a Hydak water quality meter. By monitoring
these parameters, the field team could better identify when the groundwater in the well had
stabilized, thus eliminating excessive purge volume removal. The Hydak meter was calibrated at
the beginning of the day and at staggered periods throughout the day. The sample was
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TABLE 2-3
MONITORING WELLS SAMPLED DURING THE PHASE II
GROUNDWATER SAMPLING EVENTS

GENERAL
FULL TCL WATER
ORGANICS AND CHEMISTRY
CDM WELLS VOCs ONLY TAL INORGANICS PARAMETERS

MW101A
MW101B
MW101C
MW101D
MW102A
MW102B
MW102C
MW103A
MW103B
MW103C
MW103D
MW104A
MW104B
MWwW104C
MW105A
MW105B
MW105C
MW105D
MW106A
MW106B
MW106C
MW107A
MW107B
MW107C
MW108A
MW108B
MW108C
MWI109A
MW109B
MWwW109C
MW109D
MW110A
MW110B
Mw110C
MWI111A
MW111B
MW111C
MW112A
MW112B
Mw112C

X
X

KX XXX XX XX KX XXX MXX XX XX XXX KR KX KX XXX XXX XXX XX
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TABLE 2-3 (Cont'd)
MONITORING WELLS SAMPLED DURING THE PHASE II
GROUNDWATER SAMPLING EVENTS

CDM WELLS

VOCs ONLY

FULL TCL
ORGANICS AND
TAL INORGANICS

GENERAL
WATER
CHEMISTRY
PARAMETERS

MW113A
MW113B
MW114A
MW114B
MWI115A
MW115B
MW116A
MW116B
MW117A
MW117B
MW117C
MW118A
MW119A
MWI121A
MWI122A
MW122B
MW123A
MW124A
MWI125A
MWI126A
MW126B
MW127A
MW128A
MW129A
MW130A
MW132A
MW133A
MW133B
MW133C
MW134A
MW134B
MW134C
MW135A
MW136A
MW138A
MW140A
MW141A
MWI142A
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TABLE 2-3 (Cont'd)
MONITORING WELLS SAMPLED DURING THE PHASE II
GROUNDWATER SAMPLING EVENTS

CDM WELLS

VOCs ONLY

MW1

MW5

MW9

MW12
MW17
MW19
MW20
Mw21
MW22
MW29
MW32
MW34
MW36
MW37
MW38
MW41
MW43
MW45
MW46
MWwW47

w1
IW3
W4
IW5
w7
IW8
W9
IW10
W11
W12
W13
W14
IW15
IW16
W17
IW19
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FULL TCL
ORGANICS AND
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GENERAL
WATER
CHEMISTRY
PARAMETERS




TABLE 2-3 (Cont'd)
MONITORING WELLS SAMPLED DURING THE PHASE 11
GROUNDWATER SAMPLING EVENTS

GENERAL
FULL TCL WATER

ORGANICS AND CHEMISTRY

CDM WELLS VOCs ONLY TAL INORGANICS PARAMETERS
W20 X
w21 X
w22 X
w23 X
w24 X
W25 X
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TABLE 2-4
INDUSTRIAL WELLS SAMPLED IN PHASE 11

w1 1915-20th Ave. - Acme Solvents well 1035
(IW2) Existing well - Not Collected (Out of Service)
w3 1915-20th Ave. - Acme Solvents well G101
W4 1915-20th Ave. - Acme Solvents well G104
IW5 1915-20th Ave. - Acme Solvents well G102

(IWe) 2210 Harrison - Suntec well MW6 - Not collected
(well damaged)

w7 2210 Harrison - Suntec well MW7

IW8 2210 Harrison - Suntec well MW1

w9 2210 Harrison - Suntec well MW3

IW10 2524-11th Street - former Rockford Graphics MW1
W11 2524-11th Street - former Rockford Graphics MW2
W12 2020 Harrison - Borg-Warner well G101S

W13 2020 Harrison - Borg-Warner well G101D

W14 4960-28th Ave. - Erhardt-Leimer MW-10D (bedrock)
IW15 Sundstrand MW33 (bedrock)

W16 707 Harrison - Rockford Products Mon. well W6
w17 707 Harrison - Rockford Products Mon. well W3

(IW18) E. Rockford Collision Ctr. - Not collected (Out of
Service)

IW19 123 Energy Street - Commonwealth Edison
W20 Sundstrand well MW34A

W21 Sundstrand well MW34 (bedrock)

w22 Sundstrand well MW41

w23 Sundstrand well MW5 (bedrock)

w24 Sundstrand well MW9 (bedrock)

W25 Sundstrand well MW_31 (bedrock)

Note: Except where indicated, wells are screened in the unconsolidated aquifer.
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collected when measurements for all three parameters had stabilized (+ 0.25 pH units, + 50
umhos/cm, and + 0.5°C) for three consecutive readings.

Samples were collected by raising a bailer of water from the well and pouring it into the
appropriate sample containers. The sample was poured slowly into the container to avoid
sample agitation. Samples were immediately put into a cooler with ice and stored until the
samples could be transported to the CDM trailer for packaging.

Submersible Pump

In deep wells, wells that contained high amounts of water, and wells with fast recharge rates,
submersible pumps, (Grundfos and Fultz pumps) were used to purge and collect groundwater
samples. Both pumps were outfitted with either Teflon or reinforced polyethylene hose.

The same procedures to calculate water level and purge volume were used as in the bailer
method of sampling. Once a purge volume was established the pump was lowered into the
well. The pump heads were lowered into the screened interval when possible. Deep wells and
wells where the pump head would get caught on inside joints prohibited this and water was
pumped from the deepest level in the well that could be obtained.

After three well volumes were purged from the well, water quality parameters were collected.
Water quality samples were collected using the same procedure as in the bailer method. When
water quality parameters had stabilized, the Grundfos pump was slowed to a low flow rate.
This was not possible with the Fultz pump as it has a fixed low flow rate. When the desired
flow rate was achieved, samples were collected. Water from the well was directed into the
appropriate sample container and slowly filled to avoiding agitation of the sample. Filtered
inorganic samples were collected from a high capacity, .45 micron, in-line filter that was
connected to the end of the pump hose.

In the event that a well was pumped dry before three volumes were removed, it would be
allowed to recharge for 15 minutes and then pumped dry again. The sample was then collected
during the next episode of recharge. Water quality stabilization parameters would not be
collected in this situation.

Collected samples were immediately placed in a cooler with ice and stored until the samples
could be transported to the CDM trailer for packaging.

Decontamination

All disposable polyethylene bailers were discarded after use. Stainless steel bailers were washed
with a solution of alconox and tap water, then rinsed with distilled water. Submersible pumps
were decontaminated by running a slug of the alconox and water solution through the entire
length of hose. The outside of the hose was also cleaned with the solution. Tap water was then
run through the hose and used to rinse the outside of the hose. Finally a slug of distilled water
was run through the hose. Pump heads were also cleaned by this method.
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Water generated from decontamination was released to the ground surface, with the exception of
water where visible contamination, or suspected high levels of contamination was present. In
this case the water was containerized in 55 gallon drums for subsequent disposal.

Groundwater Analysis Methods Used

All groundwater samples were analyzed for volatile organics using CLP SAS drinking water
detection limit methods. All new CDM installed Phase II wells were also analyzed for
semivolatile organics, pesticides, PCBs, and inorganics including cyanide using CLP RAS
methods. Approximately 20% of the wells were selected for general water chemistry analysis.
This analysis included minerals, nutrients, total dissolved solids , and total suspended solids
analysis. Table 2-3 lists all of the wells sampled during the Phase II groundwater sampling event
and the corresponding parameters for analysis.

Deviations From The Work Pl

During the Phase II groundwater sampling event, the following deviations of the approved Work
Plan occurred:

L PID readings were not initially collected at all wells before sampling began. Only
wells with known high concentrations, (greater than 1 ppm total VOCs) and new
wells where soil borings indicated high levels of contamination had PID readings
collected.

= Water was not collected from five to ten feet below the water table as per the work
plan unless that happened to be the same distance below the water table as the
screened interval. Most wells were sampled with the pump head positioned in or
near the screened interval. It is believed that a better representative sample of the
aquifer could be obtained from the screened interval.

= Teflon bailers were not used as per the work plan. Disposable polyethylene bailers
were used because of the decontamination time savings afforded by using them.

n Positive displacement bladder pumps outlined in the work plan were not used to
collect groundwater samples; impeller type pumps were used instead. This change
was made due to USEPA and independent research data that suggested that impeller
type pumps were as effective for collecting volatile organic samples as bladder
pumps (Knobel and Mann 1993).

= Deviations from the list of monitoring wells to be sampled in Table 5-5 of the Sample
and Analysis plan were due to field conditions. Groundwater samples were added or
subtracted from the list for the following reasons:
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Added to the List

- Better access to industrial wells than was originally expected.
- To obtain better coverage of a given area.

- To better distinguish the vertical profile of contamination.
- To replace wells where access was impossible or the well was destroyed

Deleted from the list

- Well was removed, damaged, or out of service.
- Dry well due to seasonal fluctuations in the water table.
- Lack of anomalous soil gas results in an area where a well was to be installed.

A comparison of Table 5-5 in the Sampling and Analysis plan, and Table 2-3 of this document
will better define which groundwater samples were added or deleted during the Phase II
groundwater sampling event.

2.8 Hydraulic Conductivity Testing

In order to assess the permeability of the local aquifers, and determine relative groundwater flow
rates and contaminant migration, hydraulic conductivity tests were performed on each of the
monitoring wells installed during Phase II, and several Phase I monitoring wells not previously
tested. This data was also used in groundwater modeling. Monitoring well testing occurred
from September 7, through October 28, 1993. The method used to perform the conductivity
testing was a slug test, where air pressure was used to depress water levels in the wells. This
was accomplished by using a pressurized air source (air compressor) attached to a pressure
regulator, which was in turn coupled to the well pipe by an adapter. Prior to the test, water
levels were depressed to a level of 5 to 10 feet below the equilibrium level by applying constant
air pressure, then allowed to equilibrate at that level. The test began by instantly releasing the
air pressure through a large-diameter blow off valve. The water level recovery was
electronically recorded with a Hermit Environmental Data Logger attached to a pressure
transducer. Immediately after each test was run, water level records were printed and inspected
in the field to assure that the data from each test had been properly recorded.

2.9 Monitoring Well Surveying

To determine well elevations with respect to mean sea level, elevations of ground surface
adjacent to each well, and the top of the riser pipe of each well installed during the Phase II
investigation were surveyed under contract to CDM by Missman Stanley and Associates of
Rockford, Illinois. Well surveying was conducted during September and October of 1993. All of
the surveyed wells were tied in with USGS bench marks located in the study area, and were
surveyed to a vertical tolerance of plus or minus one-hundredth of a foot. In addition to
elevations, horizontal locations were surveyed to the nearest tenth of a foot; these locations were
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tied in with the state-plane coordinate system as per the approved work plan. In order to help
tie the Phase I survey into the state plane coordinate system, several Phase I monitoring wells
were re-surveyed. Additionally, all Area 7 soil boring locations were surveyed allowing them to
be tied with the state plane coordinate system.

2.10 USGS Well Drilling and Installation

Introduction

From October 28, 1992 through January 25, 1993, three deep borings were drilled and two
monitoring wells installed by the United States Geological Survey (USGS) at the Southeast
Rockford Groundwater Contamination study area. The borings and wells were installed as a
cooperative effort between the USGS, USEPA, IEPA, and CDM. The USGS's primary objectives
for advancing the three borings at the site was to investigate and define the nature and extent of
fractures in the dolomite aquifer. USEPA, IEPA, and CDM's objectives for the installation of the
borings and the monitoring wells was to gather additional information for groundwater
modeling, further define the local geology, hydrogeology, and contaminant distribution of the
study area, and to evaluate potential remedial alternatives.

Drilling Method

The mud rotary method of drilling was used to drill through the unconsolidated material
overlying the bedrock at the boring locations. A 12-inch diameter tri-cone roller bit was used to
advance the boring and polymer based drilling mud was used to lift debris out of the boring.
When drilling encountered bedrock, the borehole was drilled using the air-rotary drilling method
employing a 6 inch diameter air hammer bit.

At all three drilling locations, both the unconsolidated units and the bedrock were saturated,
requiring the use of a steel outer casing installed in boreholes to penetrate the bedrock, in order
to minimize interaquifer flow within the borehole (double cased). When bedrock was
encountered, the casing was installed 5 feet into the bedrock and the annular space sealed with a
high-solids bentonite grout and portland cement mix. Drilling into the bedrock was then
continued with the air-rotary method. Water was added to the well during the air drilling to
facilitate lifting the cuttings out of the borehole.

Borehole Logging

Upon completion of drilling activities at each boring, the bedrock portion of the borehole was
geophysically logged. This was accomplished by the use of the following geophysical methods:
three-arm caliper, natural gamma ray, acoustic televiewer, temperature resistivity, and
single-point resistivity. The use of a heat-pulse flowmeter was attempted at the site; however,
conditions necessitated the use of an impeller flow meter to log the boreholes. The USGS

Borehole Geophysical Research Group performed the geophysical logging activities at the
borings.
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Packer Testing

In order to collect samples from 10-foot intervals in the bedrock borehole, packer testing was
performed at all three well locations. Upon completion of the downhole geophysical logging, at
least three volumes of water were removed from the open borehole, when possible with a
submersible pump. Purging the boring of this initial volume removed standing water and fine
grained particles. In order to isolate groundwater from the dolomite aquifer in 10-foot vertical
sections, a packer assembly was lowered into the borehole and inflated at the desired interval.
The packer assembly consisted of two neoprene fixed end packers separated by a 10-foot section
of stainless steel screen. The riser pipe consisted of black iron. The packers were inflated with
pressurized with nitrogen gas. After the packers were inflated, three well volumes were purged
from the assembly to insure a representative sample of water from the formation. During
purging, water quality parameters were monitored (pH, temperature conductivity) and recorded.
Water quality samples were collected in an in-line flow through cell connected to the pump.

When purge water had been removed, samples were collected also using the pump. Samples
collected from the packer assembly were analyzed for VOCs by an approved USEPA CLP lab.

Monitoring Well C : { Installation Method

Two monitoring wells were installed in the three borings drilled during the USGS investigation.
Boring BH-3 was abandoned by USGS. Upon completion of the BH-3 boring, the hole was
backfilled with bentonite grout to the ground surface, as per the Iilinois Water Well Construction
Code Dated 1992. Boreholes BH-1 and BH-2 had monitoring wells installed in these locations.
Monitoring wells were constructed with 2-inch diameter riser pipes, well screens, vented caps,
and bottom plugs made of type 304 stainless steel. At monitoring well BH-1, the outer casing
installed during drilling was 6-inches I.D. Boring BH-2 had an 8-inch L.D. outer casing installed
during drilling. The 2-inch riser pipes were flush-threaded, and joints were wrapped with
Teflon tape during installation to inhibit leakage. The well screens were 10 feet long, and
continuously wound, with a slot size of 0.010 inches.

Prior to setting the well screen, bentonite chips were used to backfill the borehole to the desired
screening depth. The filter pack used at the screened interval was washed pea gravel. The
gravel was emplaced across an interval of one foot above the bentonite to form a pad on which
to set the well. The well was then placed, and the filter pack installed from the base of the
screen to 2 to 3 feet above the top of the screen. A 1- to 2-foot thick silica sand filter collar was
installed above the filter pack, overlain by a 5 to 6-foot thick bentonite seal in order to prevent
the bentonite grout seal from infiltrating the filter pack near the screen. A small interval of fine
silica sand was installed above the bentonite collar, and a well seal of high-solids clay grout, or
bentonite chips was placed from the top of the fine sand filter collar to two to three feet below
the ground surface. The grout was tremmied into the annular space from the bottom, in order to
prevent the formation of gaps in the well seal. The remaining two to three feet of the borehole
was filled with portland cement in which a protective well casing was set. The protective well
casing was equipped with a locking cap and weep holes to maintain the integrity of the well.
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At both wells installed during the USGS investigation the well pipe rose above grade
approximately 4-6 inches (stick-up). The protective casings used at the well locations were
approximately 2 ft in length. The casing was allowed to extend 2 inches above the 4-6 inch
stickup of the riser pipe. The inside of the outer casing was filled with portland cement to 1
inch below the top of the riser pipe.

A concrete apron was installed at the ground surface around the protective outer casings. The
concrete apron was sloped radially away from the well to facilitate surface drainage. The
concrete apron was separated from the concrete plug in which the protective casing was set by a
caulked joint in order to minimize the effects of frost heave.

Monitoring Well Development

In order to remove silt and other fines from the screened interval of newly installed monitoring
wells, the wells were developed by USGS with a 1.7" Brainerd-Kilmon Piston Pump. CDM also
developed the wells prior to sampling with a surge and pump method. This development
method entails connecting a solid PVC surge block to a cord which was lowered into the
screened interval of the well. The surge block was then raised and lowered rapidly for the
vertical distance of the screen. This surging action loosened up silt or mud deposits caked in the
screened interval. After aggressively surging the well, nitrogen air lift was used to remove 10
well volumes of water from the well. Periodically, the air lift assembly was removed from the
well and the surge block again lowered into the screened interval. This periodic surging would
help to loosen up silt that was drawn in and trapped in the filter pack around the screen by the
removal of water from the well. If after 10 well volumes, the water from the well was still
cloudy, pumping would continue until the water clarity improved.

D nation Proced

Between each monitoring well location, decontamination of large equipment (drill rigs, augers,
and associated equipment) was performed at a decontamination station in close proximity to the
boring. Decontamination consisted of high-pressure steam cleaning and scrubbing, as necessary.
Decontaminated equipment was stored on plastic sheeting or aluminum foil preventing it from
coming in contact with the ground surface and other potentially contaminated materials. The
entire drill rig was also steam cleaned between well locations.

Storage and Disposal of Generated Wastes

The drilling and sampling activities of the USGS investigation generated liquid and solid wastes,
including soil, drill cuttings, drilling fluids (bentonite mud), and personal protective equipment.
The wastes were sealed in 55-gallon drums and placed in the secured drum storage area for
subsequent disposal.
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2.11 Residential Well Sampling

Introduction

Phase II residential well sampling occurred from June 8 through June 10, 1993. Twenty-four
residential wells (fifteen of which were sampled during the Phase I effort) were sampled to
determine if the contaminant plume had migrated beyond its boundaries as determined in the
Operable Unit, into areas where the houses have not yet been hooked up to the city water
supply. Houses were selected using information gathered from the IEPA and USEPA. Table 6-1
lists all houses sampled during the Phase I and Phase II sampling events.

Field Proced | Equi Used

All residential wells were sampled following the sampling guidelines outlined in the Sampling
and Analysis Plan. These procedures were consistent with those used for the Operable Unit
sampling event. Prior to sampling, a water source located before any water softening devices
was found (usually an outside hose bib). Water was allowed to run for approximately 10 to 15
minutes, purging the residential well holding tank of standing water. After the purge time had
elapsed, pH, temperature, and specific conductance measurements were collected using a Hydak
water quality meter (this meter was calibrated at the beginning of the day and at staggered
periods throughout the day). The sample was collected when measurements for all three
parameters had stabilized (+ 0.25 pH units, + 50 umhos/cm, and + 0.5°C) for three consecutive
readings. After the sample was collected the 40 ml vials were inverted and tapped to assure that
no small air pockets were visible. Samples were immediately placed in a cooler with ice until
the samples could be packaged and shipped for analysis.

All samples were labeled and packaged according to USEPA Contract Laboratory Program (CLP)
procedures, and shipped to Weyerhaeuser Analytical and Testing Services in Federal Way,
Washington. All samples were analyzed using CLP SAS drinking water detection limit methods
for volatile organic compounds. Prior to the commencement of field work, methods were

detailed in the Sampling and Analysis Plan (SAP) (April, 1993) and Quality Assurance Project
Plan (QAPP) (March, 1993) for the Southeast Rockford Groundwater Contamination study area.

Deviations From the Work Plan

Six wells were subtracted from the proposed list of samples contained in the Work Plan, (409
Brooke, 804 Taft, 3301 Eighth, 3138 Eighth, 3226 Ninth, and 2929 Eleventh) and were replaced
with five different wells (3302 Kishwaukee, 2955 Eleventh, 3245 Collins, 3201 Eighth, and 3218
Ninth). This deviation occurred because of access difficulties, residents hooking up to the new
city water system, and site coverage issues; however, a total of 24 samples were still collected as
per the work plan.
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2.12 Residential Air Sampling

Two separate residential air sampling events were conducted by CDM. The first event was
conducted in the subdivision adjacent to Area 7, August 25, and 26, 1993. The second event was
conducted at residences located in Area 4, December 16 and 17, 1993. The purpose of both
sampling events was to determine if volatile organic vapors had migrated from nearby source
areas into confined residential spaces, particularly basements. The data generated from these
two sampling events will likely be used in future risk assessment work for these areas. During
the sampling event in Area 7, fourteen residences were selected for sampling, and during the
sampling event at Area 4, six residences were selected for sampling. Sample locations are shown
in Figures 4-24 and 4-25. 16 of the 20 total residences were selected due to their proximity to
identified areas of high contamination in the source area. The remaining 4 residences, (2 in each
source area) were selected as background sample locations (Table 2-5).

Sample Equipment and Procedures Used

All residential air samples were collected in six liter Summa canisters. Each canister was
equipped with a flow restricting valve that was calibrated to allow the canister to draw a
composite air sample over a 24 hour period. Before each canister was positioned, CDM
inspected the canister for the presence of a vacuum. This was accomplished by means of a
vacuum gauge during the Area 7 sampling. During the sampling event in Area 4, an initial
attempt was made to determine the amount of vacuum in each canister by connecting a
laboratory supplied air flow meter to each canister. The flow meter was not shipped to CDM
with the proper fittings, however, so this method was unsuccessful. Vacuum gauges were also

not supplied. The presence of a vacuum condition in Area 4 sample canisters was checked only
by listening for the sound of a vacuum being broken when the canister was opened.

At each residence a Summa canister was placed in an open area in the basement, away from any
obvious substances or containers that might interfere with the sample results. An effort was
made to locate canisters near any sumps or basement cracks. A canister was also placed in an
open area in the back yard of each residence. The objective of this canister placement scenario
was to determine if residents may be exposed to volatile organic compounds from either the soil
gas migration pathway, or from ambient air influx from outdoors to indoors. All residents were
questioned prior to the sampling events by IEPA to assure that substances which may interfere
with analytical results had not, or were not, being used at the general time of the sampling
events.

Air samples collected from both sampling events were analyzed for vinyl chloride, 1,1-
dichloroethene, 1,1-dichloroethane, 1,2-dichloroethene (total), 1,1,1-trichloroethane, 1,2-
dichloroethane, trichloroethane, and tetrachloroethene. The samples were analyzed by EPA
method TO-14 for these compounds.

CDM collected one nitrogen blank for the Area 7 sampling event, and two nitrogen blanks for
the Area 4 sampling event. Blanks were filled with 99.998% ultra pure nitrogen from a local
industrial welding supply firm. The blank samples were not collected in the same manner as the
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Table 2-5: Phase Il Residential Air Sample Information

Canister Canister
Address Source Inside | Outside | Canister Activation Deactivation
Areq Number Time Time

7 X 94028 7:.06 AM 7:28AM
7 X 94018 7:16 AM 7:30 AM
7 X 9403B 7:27 AM 7:36 AM
7 X 94408 7:34 AM 7:38 AM
7 X 9404B 7:53 AM 8:01 AM
7 X Q4378 7:58 AM 8:03 AM
7 X 94388 8:24 AM 8:09 AM
7 X 9439B 8:32 AM 8:12 AM
7 X 9471B 11:056 AM 10:29 AM
7 X 82593A 11:13 AM 10:31 AM
7 X 94698 12.19 PM 6:32 PM
7 X 94748 12:24 PM 6:34 PM
7 X Q4678 12:39 PM 12:23 PM
7 X 9470 B 12:44 PM 12:24 PM
7 X 94688 2:02 PM 2:01 PM
7 X 82593D 2:07 PM 2.03PM
7 X 9473B 2:38 PM 2:43 PM
7 X 82593E 2:43 PM 2:45 PM
7 X 82593F 2:57 PM 2:56 PM
7 X 94728 3:02 PM 2:58 PM
7 X 9453B 4:25 PM 4:21 PM
7 X 82593I 4:29 PM 4:22 PM
7 X 82693G 4:13 PM 4:13 PM
7 X 82593H 4:16 PM 416 PM
7 X 825938 1:43 PM 1:47 PM
7 X 82593C 1:47 PM 1:49 PM
7 X 82593 5:42 PM 6:15PM
7 X 94548 5:46 PM 6:18 PM
4 X 12011 6:30 AM 6:30 AM
4 X 13660 6:34 AM 6:35 AM
4 X 05700 8.01 AM 7:50 AM
4 X 05407 8:05 AM 7:55 AM
4 X 10774 8:50 AM 8:51 AM
4 X 13673 8:52 AM 8:53 AM
4 X 14012 9:.05 AM 9:.01 AM
4 X 12943 9:10 AM 9:04 AM
4 X 12079 9:50 AM 9:45 AM
4 X 12715 9:55 AM .47 AM
4 X 05412 10:07 AM 10:05 AM
4 X 12010 10:12 AM 10:08 AM
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residential samples. A polyethylene hose was connected to a nitrogen tank, and the other end to
the Summa canister. A polyethylene tee was placed in line so ambient air could escape from the
polyethelyne hose before the sample was collected. After the hose was purged of ambient air,
the valve on the Summa canister was opened, allowing the canister to immediately fill with
nitrogen.

viations from rk Pl

The IEPA approved work plan states that samples are to be collected during dry weather
conditions, however; during Source Area 7 sampling a rain storm moved into the area overnight.
Indoor and outdoor samples were collected during the storm. Also, during the Source Area 7
and Source Area 4 sampling events, Teflon hose was not placed on the collection orifices of the
canisters. At all locations CDM was able to place the canisters in unobstructed areas so that the
tubing was not necessary.
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Section 3
Results of Hydrogeologic Investigation

This section of the remedial investigation report presents and interprets the findings of the Phase
I and Phase II hydrogeologic investigations. The field methods and procedures used to obtain
the results have been described in the preceding sections.

3.1 Geology

3.1.1 Geology of Winnebago County

The city of Rockford is located in the southwestern portion of Winnebago County, Illinois. The
county lies within the Rock River Hill Country physiographic province and is marked by rolling
topography with elevations ranging from about 700 feet above mean sea level (MSL) in Rockford
to over 900 feet MSL in other parts of the county. Several rivers and creeks are found in the
county's watersheds, most of which drain into the Rock River, which flows in a predominantly
north to south direction, ultimately emptying into the Mississippi River.

Subsurface sediments in Winnebago county are predominantly unconsolidated glacial sediments
with lesser amounts of river-deposited sediments predominating in river and creek floodplains.
River sediments mostly overlie glacial sediments. The glacially-derived sediments
unconformably overlie a highly-eroded bedrock surface that ranges in elevation from less than
450 to over 900 feet above MSL. Pre-glacial bedrock valleys occur within the county. The
bedrock valley found near the Rockford area is the Rock Bedrock Valley which trends north to
south near the eastern edge of the county; another major bedrock valley (the Troy Bedrock
Valley) which trends northeast to southwest, is found east of Rockford (Berg et al., 1984).

The topography and physiography of the county is generally controlled by the subsurface
topography of the bedrock. Surface highlands reflect subsurface bedrock areas of higher
elevation and river valleys and creeks reflect the subsurface valleys.

Paleozoic bedrock units found in Winnebago County include the Galena, Flatteville, Ancell, and
Prairie du Chien Groups; these strata overlie Cambrian Formations which overlie Pre Cambrian
granite. Silurian dolomite and the Maquoketa Group are not present in the study area. Bedrock
surfaces in the Troy and Rock Bedrock Valleys are predominantly the Ancell Group, with
bedrock of younger age found as the flanks of the valleys. Since this region is part of the
southeastern flank of the Wisconsin arch, the bedrock units have a regional dip to the southeast.
A generalized stratigraphic column of Winnebago County is found as Figure 3-1, a bedrock
surface map is found as Figure 3-2.
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3.1.2 Geology of the Study Area

The Phase II study was completed primarily to delineate subsurface conditions west of the Phase
I study area and to further investigate the Phase I area. The Phase II study area is bordered by
South Mulford Road to the east, Sandy Hollow Road to the south, Broadway Street to the north,
and the Rock River to the west, an area of approximately 10 square miles. The geology of the
study area was determined during the Phase I and II drilling and from other studies (EDI
Engineering and Science, 1989; Illinois EPA, 1988; Kay et al., 1994) and subsurface boring logs
obtained from Illinois State Water Survey and the City of Rockford. (See Figure 3-3 for soil
boring and monitoring well locations, see Appendix A for CDM soil borings logs.)

A variety of sources were used to characterize the geology and hydrogeology of the area. This
included information for industrial wells, municipal wells and investigative wells as previously
mentioned. Wells that were used for geologic interpretation only are shown on Figure 3-3 but
are not listed on Tables 3-2 or 3-3. Only wells that were sampled and/or used for water level
measurements during Phase II are shown on Table 3-2. All wells (including Phase I wells) used
for interpretive or investigative purposes are shown on Figure 3-3.

As elsewhere in Winnebago County, the geology of the study area generally comprises highly-
eroded bedrock overlain by unconsolidated glacial sediments of variable thickness. The study
area contains an east-west tributary bedrock valley that merges westward into the Rock Bedrock
Valley (see Figure 3-4). Observations from the Phase I and II studies and other drilling projects
that were used to characterize the subsurface of the study area are described in the following
sections.

The approximate axis of the Rock bedrock valley (see Figure 3-4) was determined by reviewing
Berg et al. (1984) and by borings completed in the sandstone at the western portion of the study
area. The elevation of the sandstone from the Rockford Products Corporation well RP2-2 is
consistent with the approximate elevation of the bottom of the bedrock valley delineated by Berg
et al. (1984).

Bedrock

The topography of the bedrock surface of the study area is shown on Figure 3-4. This figure is
based on depth-to- bedrock data obtained during Phases I and II and from other drilling efforts
in the area. The overall shape of the bedrock surface is that of a narrow, east-west valley in the
eastern portion of the study area (from the east boundary near South Mulford Road to 12th
Street) that increases in depth to the west until the eastern floor of the Rock Bedrock Valley is
encountered.

Three bedrock units of Ordovician age are present at the bedrock surface in the study area: the
Galena, Platteville, and Ancell Groups. The Ancell Group consists of the St. Peter Sandstone and
the overlying Glenwood Formation (Figure 3-1).

The elevation of the bedrock surface in the study area generally decreases from east to west with
some variations due to tributary bedrock valleys. With the decrease in elevation, older bedrock
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Section 3
Resuilts of Hydrogeologic Investigation

units occur at the bedrock surface. An east-west geologic cross-section which illustrates the
stratigraphy of the bedrock groups is displayed as Figure 3-5.

Bedrock within the eastern portion of the study area (east of 20th Street) is predominantly tan to
brown dolomite with variable but small amounts of chert and clay-rich horizons. The chert
fraction of the drill cuttings was generally less than 10 to 20 percent and usually white or light
gray. The clay was frequently brown and usually constituted less than 10 percent of the
cuttings; small amounts of pale green shale were also observed. The observed lithology of the
drill cuttings is consistent with the general description of the Galena Group given by other
workers and with the known aerial extent of this stratigraphic unit in the Rockford area
(Willman and Kolata, 1978).

Distinctive clay units known as bentonite beds occur within the Galena and the Platteville
Groups and are reported to be very thin (generally less than 2 inches) in northern Illinois
(Willman and Kolata, 1978). Bentonite beds were formed from the alteration of volcanic ash
deposited during the Ordovician period. Brown, locally laminated clay-rich zones that generally
resemble bentonite were identified in the dolomite bedrock at various elevations during the
study; however, it was not possible to determine if the zones were bentonite beds due to the lack
of sampling capability during bedrock drilling.

The bedrock surface near and west of 24th Street markedly decreases in elevation from east to
west, exposing the Platteville Group in some areas. Drill cuttings from MW101 showed gray to
tan, finely crystalline, fossiliferous dolomite, which agrees with other observations of the
Platteville (Willman and Kolata, 1978).

West of MW113 the Platteville Group is absent and the Ancell Group units are present at the
bedrock surface. Borings MW114 and UW7, and Rockford Products Corporation wells, RP1-1,
RP2-2, encountered the Ancell Group as the uppermost bedrock unit. At MW112, the Glenwood
Formation was encountered as a shale unit at the bedrock surface and was approximately 5 feet
thick. At UW7, RP1-1, and RP2-2 the topmost bedrock unit is the St. Peter Sandstone. The
observations of the St. Peter Sandstone at MW112 and MW114 are consistent with regional
observations of the sandstone, as a tan to white, well-rounded, fine to coarse-grained quartz
sandstone. The lithology of the Glenwood Formation appears to vary considerably in the
Rockford area. Based on regional well logs, the formation appears to be predominantly
dolomitic sandstone and shale with some members of the formation reported to be a green shale.
The top of the Glenwood Formation was observed as green shale at MW112; this unit is the
Harmony Hill Shale Member of the Glenwood Formation. The Harmony Hill Shale Member was
not observed at MW114. This variation in lithology is consistent with observations of the
Glenwood from other sources (Berg et al., 1984).

Porous or vuggy zones are common throughout the Galena and Platteville Groups (Willman and
Kolata, 1978). Vugs are voids or cavities in rock that are larger than one-quarter inch, commonly
formed by erosional processes or dissolution. Indications from CDM's investigation and from
other investigations in southeast Rockford are that vugs are present throughout the Galena-
Platteville dolomite.
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Section 3
Results of Hydrogeologic Investigation

Initial results of a study conducted by the USGS indicate that sub-horizontal fractures are present
in the Galena-Platteville dolomite (Kay et al., 1994). These fractures were observed in subsurface
borings. Fractures are important in that they influence the hydrogeologic properties of the
bedrock. Bedrock fractures will be discussed further in subsection 3.2.

Unconsolidated sediments have filled the bedrock valley and buried the bedrock surface in the
study area. The geology of the unconsolidated sediments is described in the following section.

li i t

The majority of unconsolidated sediments in the study area are the result of glacial deposition
during the Quaternary geologic time period. The surficial representations of the glacial deposits
are the Mackinaw Member of the Henry Formation found in the western portion of the study
area and the Nimitz Member of the Winnebago Formation located in the eastern part of the
study area (Berg et al., 1984). The Mackinaw Member is generally a glacial outwash deposit of
sand and gravel, while the Nimitz Member is predominately a till deposit of clay and silt with
some sand and gravel. Lesser amounts of unconsolidated river sediments (Cahokia Alluvium)
have been fluvially deposited by the Rock River and its tributaries.

Generally, the sediments in the eastern portion of the study area are complexly interbedded till,
and outwash deposits of sands, silts, and clays with silts and clays representing approximately
30 per cent of the unconsolidated sediments. Sediments west of 20th Street are predominantly
sand with some gravel and discontinuous silt and clay layers. The upper portions of the
sediments near the river are consistent with descriptions of the Mackinaw Member of the Henry
Formation, which are sand and gravel glacial outwash deposits found near major river valleys.
Clay units found in and at the base of the sands and gravels of the Mackinaw member are most
likely lacustrine deposits from the Oregon Member of the Glasford Formation (Berg et al., 1984).
Lower units are from earlier glacial depositional events.

Gravel and sand deposits found in the area are most likely the result of deposition by glacial
meltwaters during events of glacial advancement and retreat (e.g. gravel at 720 to 760 feet
elevation above MSL at MW101). The silt and clay found in the till materials in the east portion
of the study are the result of direct deposition from the glaciers that moved across the area.
Lacustrine deposits are the result of deposition in glacial lakes formed from the blockage of the
glacial meltwater drainage system.

Many of the unconsolidated units are laterally discontinuous over short horizontal distances and
vary in thickness between well location or grade into other types of unconsolidated materials.
The highly variable geology is shown in Figures 3-5 through 3-10.

As an example of the discontinuity of the unconsolidated units, two clay layers (approximately
760 to 745 feet and 730 to 712 feet elevations) at MW105 do not exist a short distance away at
either MW104, MW134, or MW106 (Figure 3-6). These clay units probably pinch out to the north
and south, although the upper clay unit may grade laterally into the clayey silts at MW104 and
MW106. Similarly, the 15-foot thick sand and gravel unit between the two clay units at MW105
thins to less than 5 feet at MW104 and MW106.
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Section 3
Results of Hydrogeologic Investigation

Unconsolidated units within the deeper parts of the bedrock valley abut against the sides of the
valley. For example, the clayey silt unit at 680 feet MSL in MW105 (Figure 3-5) probably
terminates against the bedrock surface to the south and may extend across to the northern flank
of the valley. Parallel to the axis of the bedrock valley, the unconsolidated units typically exhibit
lateral changes in thickness, grain size, and proportion of fine-grained sediment. The clay units
at MW105 do not appear to extend very far to the east or west, whereas some units, such as the
clay, sand, and gravel in which MW108, MW112, and MW134 are completed, appear to be
traceable for greater distances than other units (Figure 3-5).

The sediments in the western portion of the study area are predominantly sands. However, a
clay layer of up to 35-feet thick is found in MW117, MW41, UW7, RP1-3, and MW114 at an
elevation of approximately 600 feet that appears to be extensive in the western portion of the
study area. A second, intermittent clay layer, approximately 10-feet thick, is found in MW41,
MW118, and MW114 at approximately 640 feet above MSL but was not found in MW116 or
MW117. These layers are consistent with findings from another subsurface study in Rockford
(Wehrmann et al., 1988) that shows lacustrine deposits from the Oregon Member of the Glasford
Formation at these elevations in the west portion of the study area.

The complex lateral relationships in the east part of the study area (east of 20th Street) only
allow for general stratigraphic correlation.

Particle-size analysis of the unconsolidated sediment provides information about the size
distribution and the relative amounts of gravel, sand, and silt and clay in the aquifer. During
Phase I, four split-spoon samples of representative aquifer material from the eastern portion of
the study area were analyzed for particle-size distribution. In general, particle size was found to
vary from less than 0.07 mm to approximately 20 mm (0.003-0.8 inches). Sand was the dominant
particle size by weight in most samples, except for the sample from MW110, which had roughly
equal amounts of sand and gravel. Silt and clay generally composed 10 percent by weight of the
samples, with the exception of the sample from MW104, which contained 35 percent silt and
clay.

Eight additional samples (OT126A, OT126B, OT130G, OT114A, OT114B, OT133, OT101A, OT122)
were collected during Phase II for geotechnical analysis. The samples were analyzed for grain
size; additionally, samples OT101A, OT133, and OT122 (samples primarily of clay with silt or
sand) were analyzed for hydraulic conductivity using ASTM Method D5084-90, Hydraulic
Conductivity Using a Flexible Wall Permeameter. Results of the conductivity tests show low
conductivities, [OT101A (4.6 x 10? ft/sec), OT133 (5.6 x107 ft/sec), and OT122 (1.3 x 10” ft/sec)].
Hydraulic conductivities of 10° ft/sec greatly inhibit migration of groundwater and
contaminants. Results of the particle-size analyses and the hydraulic conductivity tests are
presented on Table 3-1. Laboratory results are given in Appendix B.
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TABLE 3-1
PARTICLE SIZE DISTRIBUTION AND HYDRAULIC CONDUCTIVITIES
UNCONSOLIDATED AQUIFER
SOUTHEAST ROCKFORD GROUNDWATER STUDY

Particle Size Distribution (Weight Percent)
Gravel Sand Silt and Clay | Depth Hydraulic
Sample ID | (4.7-20mm){(0.074-4.7mm) | (<0.074mm) (ft) Description Conductivity (ft/sec

OT104 9 56 35 44-46 |Gray brown clayey SAND, trace gravel NM
OT105 15 74 11 74-76 |Gray SAND with gravel, trace clay NM
oT107 14 77 9 39-41 |Brown SAND, trace gravel and clay NM
OoT110 49 42 9 39-41 |Brown gravelly SAND, trace clay NM
OT101A 0 7 93 57-59 |Gray SILT and CLAY 4.6E-09
OT114A 0 22 78 47-49 |Gray SILT with sand NM
OT114B 0 92 8 4-6 |Brown SAND with silt NM
oT122 0 44 56 142-144|Gray sandy CLAY 5.60E-07
OT126A 0 99.6 0.4 45-47 (Brown SAND NM
0oT126B 0 98.8 1.2 85-87 |Brown SAND NM
OT130G 0 99.3 0.7 35-37 |Brown SAND NM
OT133 0 19 81 45-47 |Yellow/brown CLAY with sand 1.3E-09

NM-= not measured
Test Methods: ASTM D2488-90, D422-63, D1140-54, D2488-91




Section 3
Results of Hydrogeologic Investigation

3.2 Hydrogeology

3.2.1 Aquifers

Groundwater aquifers in the following three units are the focus of the investigation: the
unconsolidated glacial sediments, the Galena-Platteville dolomite, and the St. Peter Sandstone.
These aquifers will be referred to as the unconsolidated aquifer, the dolomite aquifer, and the
sandstone aquifer, respectively. Details of wells installed in the aquifiers that were used for data
points during this study are shown on Table 3-2.

Unconsolidated glacial sediments are found throughout the study area; they generally overlie the
dolomite aquifer in the eastern half of the study area and overlie the sandstone aquifer in the
western half (see Figure 3-5). Bedrock topography reflects the presence of the pre-glacial Rock
Bedrock Valley located in the western portion of the study area, and an east-west tributary
valley located in the eastern portion of the study area. The deepest parts of the Rock Bedrock
Valley contain the St. Peter Sandstone leaving the younger dolomite bedrock as the valley flanks.
(Figure 3-4 delineates the extent of the sandstone [Ancell] and the dolomite [Galena-Platteville]
at the study area.)

No areally continuous aquitards were encountered in the unconsolidated materials, indicating
that the unconsolidated aquifer is hydraulically connected to the dolomite aquifer in the east half
of the study area and the sandstone aquifer in the west. This is evidenced by static water levels
in well nests where wells were screened in both the dolomite bedrock and the unconsolidated
aquifers. Comparison of levels in MW101A to MW101C, MW103A to MW103B, MW107A to
MW107C, and MW109A to MW109B all show static water levels within one-half foot (see Table
3-3). This small head would suggest that the aquifers are in hydraulic communication at these
locations.

Additionally, well nest MW114 showed less than one foot of head difference between MW114A,
screened in the unconsolidated aquifer and MW114B, which was screened in the sandstone. This
suggests that the unconsolidated and sandstone aquifers are hydraulically connected at this
location.

Several locations that have wells screened above and below clay layers show substantial
differences in static water elevations. For example, both MW09 and MW?29 are screened above a
clay layer found at 665 to 658 feet above MSL in the western half of the study area. The head
difference is typically one foot or less for these wells (Table 3-3). The head in MW118, located
adjacent to MW09 and MW29 and screened below the clay layer, is approximately three to five
feet lower than MW09 and MW29. Although periodic use of nearby municipal well UW35 may
influence heads at this location, available data indicate that clay layers may create a semi-
confined condition.

Within the unconsolidated aquifer, clay layers of significant thickness (up to 39 feet) were found
in parts of the buried bedrock valley (e.g. at MW115, MW102 and MW105). Unsaturated clay
horizons were observed in numerous borings in Area 7 (see Figures 3-8 and 3-9). These clay
horizons are locally important in that they divert groundwater movement.
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TABLE 3-2
GROUNDWATER MONITORING WELL DATA
SOUTHEAST ROCKFORD GROUNDWATER STUDY

Well Depth to Top of Bottom of Screen Aquifer Top of Ground
Number Screen Screen Screen Length Screened Casing Surface
Base* Elevation Elevation Elevation Elevation
MW101A 88.0 686.1 676.1 10 unconsolidated 765.62 764.1
MW1018 150.1 624.0 614.0 10 bedrock 766.62 764.1
MW101C 172 602.0 592.0 10 bedrock 766.48 764.0
MW101D 212.8 561.1 551.1 10 bedrock 764.96 763.9
MW102A 35 761.5 751.5 10 unconsolidated 788.43 786.5
MW102B 98 698.6 688.6 10 unconsolidated 788.61 786.6
MW102C 184.3 6134 603.4 10 bedrock 789.87 787.7
MW103A 41 759.5 749.5 10 unconsolidated 792.56 790.5
MW103B 75 725.4 715.4 10 bedrock 792.39 790.4
MW103C 107.9 692.3 682.3 10 bedrock 792.35 790.2
MW103D 200.5 5§99.7 589.7 10 bedrock 790.39 790.2
MW104A 77 748.9 738.9 10 unconsolidated 818.10 815.9
MW104B 121.9 703.3 693.3 10 bedrock 817.37 815.2
MW104C 146 680.1 670.1 10 bedrock 818.25 816.1
MW105A 22 771.3 761.3 10 unconsolidated 785.57 783.3
MW105B 54 739.6 729.6 10 unconsolidated 785.78 783.6
MW105C 95 698.5 688.5 10 unconsolidated 785.66 783.5
MW105D 156.8 637.3 627.3 10 bedrock 786.21 784.1
MW106A 40 7735 763.5 10 unconsolidated 805.80 803.5
MW106B -86.4 727.0 717.0 10 bedrock 805.59 803 4
MW106C 119.4 694.0 684.0 10 bedrock 805.46 803.4
MW107A 38 781.3 771.3 10 unconsolidated 808.86 809.3
MW107B 66 753.3 743.3 10 unconsolidated 808.87 809.3
MW107C 140.4 678.8 668.8 10 bedrock 808.70 809.2
MW108A 39 794.0 784.0 . 10 unconsolidated 824.90 823.0
MW108B 61 771.9 761.9 10 unconsolidated 824.93 822.9
MW108C 134.3 698.8 688.8 10 bedrock 825.16 823.1
MW109A 32 826.7 816.7 10 unconsolidated 850.89 848.7
MW100B 60 798.5 788.5 10 bedrock 850.47 8485
MW109C 85 773.4 763.4 10 bedrock 850.47 848.4
MW109D 39 819.0 809.0 10 bedrock 850.65 848.0
MW110A 40 814.2 804.2 10 unconsolidated 846.65 844.2
MW110B 71.3 782.8 772.8 10 unconsolidated 846.18 8441
MW110C 111.4 742.8 732.8 10 bedrock 846.24 844.2
MW111A 35 805.7 795.7 10 unconsolidated 832.84 830.7
MW111B 58 782.7 772.7 10 unconsolidated 832.44 830.7
MW111C 97.3 7434 733.4 10 bedrock 833.26 830.7
MW112A 35 774.9 764.9 10 unconsolidated 802.58 7999
MW1128 95 715.3 705.3 10 bedrock 803.05 800.3
MW112C 300 510.2 500.2 10 sandstone 802.83 800.2
MW113A 105 677.0 662.0 15 bedrock 766.54 767.0
MW113B 155 621.4 611.4 10 bedrock 766.65 766.4
MW114A 95 639.9 629.9 10 unconsolidated 729.89 724.9
MW1148 220 515.2 505.2 10 sandstone 727.42 725.2
MW115A 100 711.9 701.9 10 unconsolidated 801.33 801.9
MW1158 130.5 6824 6724 10 unconsolidated 802.26 802.9
MW116A 79.5 664.2 654.2 10 unconsolidated 736.24 733.7

All measurements in feet, elevations are in feet above mean sea level.

* Depth to base of screen is distance from ground surface to base of screen.
Table displays only wells sampled and/or measured for water levels during Phase | 1.




TABLE 3-2
GROUNDWATER MONITORING WELL DATA
SOUTHEAST ROCKFORD GROUNDWATER STUDY

Waell Depth to Top of Bottom of Screen Aquifer Top of Ground
Number Screen Screen Screen Length Screened Casing Surface
Base* Elevation Elevation Elevation Elevation

MW1168 164.5 579.3 569.3 10 unconsolidated 736.35 733.8
MW117A 39.5 666.9 656.9 10 unconsolidated 696.19 696.4
MW117B 89.5 616.9 606.9 10 unconsolidated 696.26 696.4
MW117C 159.5 546.9 5369 10 unconsolidated 696.11 696.4
MWi118 96.5 6314 621.4 10 unconsolidated 717.59 717.9
MW119 59.5 667.0 657.0 10 unconsolidated 718.97 716.5
MWI21 64.5 660.0 650.0 10 unconsolidated 716.98 7145
MW122A 60 760.5 750.5 10 unconsolidated 810.47 810.5
MW1228 130 690.6 680.6 10 unconsolidated 810.33 810.6
MW123 45 689.9 684.9 5 unconsolidated 729.52 729.9
MW124 100 634.0 629.0 5 unconsolidated 731.30 729.0
MW125 455 692.4 682.4 10 unconsolidated 727.31 727.9
MW126A 545 683.4 673.4 10 unconsolidated 727.62 727.9
MW1268B 84.5 648.4 643.4 5 unconsolidated 727.60 727.9
MW127 41.5 684.7 684.7 10 unconsolidated 728.59 726.2
MW128 43 690.8 685.8 5 unconsolidated 728.40 728.8
MW129 32 705.1 700.1 5 unconsolidated 732.12 732.1
MW130 ) 37.5 700.5. 6905 10 unconsolidated - 727.95 728.0
MW1 31 32.5 - 706.9 701.9 5 unconsolidated 736.95 7344
MW132 33 700.7 695.7 5 unconsolidated 728.73 728.7.
MW133A 35 752.6 742.6 10 unconsolidated 780.18 7776
MW1338 58 729.5 719.5 10 unconsolidated 780.33 777.5
MW133C 96 691.7 681.7 10 bedrock 780.29 777.7
MW134A 27 7774 7721 5 unconsolidated 799.09 799.1
MW134B 45 758.9 753.9 . 5 unconsolidated 798.80 798.9
MW134C 63 741.2 736.2 5 unconsolidated 799.11 7989.2
MW135 34 803.8 798.8 5 unconsolidated 835.19 832.8
MW136 45 784.9 789.9 5 bedrock 834.77 834.9
MW138 38 699.3 694.3 5 unconsolidated 734.79 732.3
MW140 36.5 706.4 7014 5 unconsolidated 739.71 7379
MW141 52 7114 706.4 5 unconsolidated 758.06 758.4
MW142 53 711.1 706.1 5 unconsolidated 758.73 759.1
IW1 52.2 687.2 682.0 5 unconsolidated 736.42 734.2
IW3 522 688.0 683.0 5 unconsolidated 737.64 735.2
1W4 52.3 688.0 683.0 5 unconsolidated 737.71 735.3
IW5 52.0 688.5 683.5 5 unconsolidated 737.81 735.5
IW7 42.0 693.0 688.0 5 unconsolidated NS 730.0
W8 42.0 693.0 688.0 5 unconsolidated NS 730.0
IW9 42.0 703.0 698.0 5 unconsolidated NS 740.0
IW10 37.0 703.0 698.0 5 unconsolidated NS 735.0
W11 35.0 705.0 700.0 S unconsolidated NS 735.0
W12 (G101S) 56.5 681.0 676.0 5 unconsolidated 734.74 732.5
IW13 (G101D) 94.6 643.0 638.0 5 bedrock 734.60 732.6
W14 450 7920 787.0 5 unconsolidated NS 832.0
IW15 (MWS33) 120.0 700.0 690.0 10 bedrock NS 810.0
IW16 36.0 694.0 684.0 10 unconsolidated NS 720.0
W17 33.0 697.0 687.0 10 unconsolidated NS 720.0

All measurements in feet, elevations are in feet above mean sea level.
* Depth to base of screen is distance from ground surface to base of screen.
Table displays only wells sampled and/or measured for water levels during Phase | II.



TABLE 3-2
GROUNDWATER MONITORING WELL DATA
SOUTHEAST ROCKFORD GROUNDWATER STUDY

Well Depth to Top of Bottom of Screen Aquifer Top of Ground
Number Screen Screen Screen Length Screened Casing Surface
Base* Elevation Elevation Elevation Elevation

W19 75.0 660.0 650.0 10 unconsolidated NS 725.0
IW20 (MWS34A) 105.0 730.0 720.0 10 unconsolidated NS 825.0
IW21 (MWS34) 155.0 680.0 670.0 10 bedrock NS 825.0
IW22 (MWS41) 70.0 750.0 740.0 10 unconsolidated NS 810.0
IW23 (MWSS) 65.0 788.0 778.0 10 bedrock NS 843.0
W24 (MWS9) 53.0 789.0 779.0 10 bedrock NS 832.0
W25 (MWS31) 62.0 781.0 771.0 10 bedrock NS 833.0
MWO1 87.5 650.8 645.8 5 unconsolidated 734.06 733.3
MWO02 50.5 687.8 682.8 5 unconsolidated 735.3 7333
MWO05 122.7 615.6 610.6 5 unconsolidated 735.58 733.3
MWO09 47.9 673.2 668.2 5 unconsolidated 718.13 716.1
MW12 55.5 678.4 6734 5 unconsolidated 730.97 728.9
MW15 49.5 699.7 694.7 5 unconsolidated 746.17 744.2
MW16 47.7 685.3 680.3 5 unconsolidated 728.04 728.0
MW17 43.3 686.5 681.5 5 unconsolidated 726.8 724.8
MW19 47.5 689.8 684.8 5 unconsolidated 734.33 732.3
MW20 51.6 675.8 670.8 5 unconsolidated 724.35 722.4
MWw21 44.6 684.5 679.5 5 unconsolidated 726.14 724.1
Mw22 43.5 689.7 684.7 5 unconsolidated 730.19 728.2
Mw24 40.9 693.9 688.9 5 unconsolidated 731.75 7298
MW26 ) 70.3 692.7 687.7 5 unconsolidated 759.95 758.0
MW27 59.9 696.2 691.2 5 unconsolidated 753.06 751.1
MW29 34.9 686.4 681.3 5 unconsolidated 718.16 7162
MW30 483 683.0 678.0 5 unconsolidated 728.29 726.3
MW31 60.4 670.4 665.4 . 5 unconsolidated 727.85 725.8
MW32 48.0 689.3 684.3 5 unconsolidated 734.3 7323
MW33 44.0 694.8 689.8 5 unconsolidated 735.81 733.8
MW34 42.6 694.3 689.3 5 unconsolidated 733.88 7319
MW35 42.8 688.6 683.6 5 unconsolidated 728.41 726.4
MW36 479 687.7 682.7 5 unconsolidated 732.56 730.6
MW37 44.3 686.1 681.1 5 unconsolidated 725.35 725.4
MW38 47.0 685.2 680.2 5 unconsolidated 729.15 727.2
MW39 51.4 685.1 680.1 5 unconsolidated 731.08 731.5
MW41 83.4 647.2 637.2 10 unconsolidated 722.59 720.6
MWw42 51.8 680.3 675.3 5 unconsolidated 729.14 727 .1
MW43 79.4 657.4 652.4 5 unconsolidated 733.8 731.8
MW45 70.4 680.6 670.6 10 unconsolidated 743.01 741.0
MW46 73.1 654.5 649.5 5 unconsolidated 724.65 722.6
MW47 53.0 685.7 680.7 5 unconsolidated 735.66 733.7

All measurements in feet, elevations are in feet above mean sea level.
* Depth to base of screen is distance from ground surface to base of screen.
Table displays only wells sampled and/or measured for water levels during Phase | II.



Section 3
Results of Hydrogeologic Investigation

The clay layers in the eastern part of the study area appear to be localized and do not extend
across the entire study area. Locally, clay layers and clay-rich zones probably cause the
substantial (14-foot) head difference between the shallow (MW102A) and the intermediate
(MW102B) depth well observed in October 1993 in the MW102 nest (see Table 3-3 for head
differences).

The sandstone and the dolomite aquifers do not appear to be hydraulically connected in the area
east of 20th Street. A comparison of water levels in well MW112C to MW112B typically show an
approximate 100-foot head difference, most likely due to pumpage of the nearby municipal well
UW16, located northeast of the MW112 cluster. This head difference shows that the dolomite
and the sandstone are probably not hydraulically connected at this location, most likely due to
the Harmony Hill Member of the Glenwood Formation which is an aquitard that separates the
dolomite and the sandstone.

Porous or vuggy zones are common throughout the Galena Group (Willman and Kolata, 1978).
Although it was not possible to determine the presence of distinct vuggy zones from drill
cuttings, it is possible that vugs or vuggy horizons were responsible for the loss of drilling fluids
and grout in wells MW104, MW108, MW109, and MW113 because of the greater porosity and
permeability expected in these zones. Fractured zones, which could also be responsible for the
loss of drilling fluids, could not be observed during drilling.

Results from a study (Kay et al., 1994) in the east portion of the study area suggest that vuggy
zones were observed in the dolomite and subhorizontal fractures, most likely bedding planes,
were observed in the lower portions of the dolomite. The study also indicated that, based on
comparison of accustic-televiewer and flow meter data, a concentration of flow in the dolomite
aquifer is through subhorizontal fractures found in the lower parts of the dolomite.
Additionally, a concentration of flow was observed in the upper few feet of the dolomite.

At MW108, loss of grout occurred in the gravelly zone above bedrock. At MW103 and MW109,
loss of either drilling mud or grout occurred in the top 10 to 20 feet of bedrock. At MW103 and
MW104, grout loss occurred approximately 50-55 feet below the bedrock surface during well
installation. In addition, at location MW104, a localized solution zone containing fine-grained
sediment was encountered during air-rotary drilling in bedrock. In the depth interval 80 to 100
feet, drill cuttings were predominantly brown, silty/clayey sediment (typically 70-90% by visual
estimation) occupying solution cavities in bedrock; bedrock at MW104 is approximately 77 feet
deep. Rapid advancement of the drill bit from 80 to 100 feet was also observed during the
drilling of the borehole. This solution zone was not encountered in a borehole located twelve
feet away, suggesting a localized extent of the solution feature.

Intergranular flow through an interconnected pore network is the pathway for groundwater flow
in the unconsolidated and sandstone aquifers. Groundwater flow in the dolomite is under
double porosity conditions: through intergranular flow, and through planar structures including
low-angle bedding planes (as previously indicated) and through diffuse conduits (interconnected
vugs, solution cavities, etc.). Vertical and inclined fractures have been observed in the dolomite
nearby quarries (Kay et al., 1994) but have not been observed in the study area.
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Section 3
Results of Hydrogeologic Investigation

Wells MW103D and MW101D were both screened in the lower confines of the dolomite aquifer
where subhorizontal fractures were identified during drilling and logging conducted by the
USGS. Flow measurements indicated that the concentration of flow in the dolomite aquifer is
through the subhorizontal bedding planes and the upper few feet of the aquifer; however, there
is no evidence showing vertical interconnection of different bedding planes by high-angle
fractures. Conductivities measured by CDM in these wells were the highest (2.4 x 10* ft/sec)
and second highest (1.7 x 10™* ft/sec), respectively, in the dolomite aquifer. This suggests that
the bedding planes can be a significant flow pathway in the dolomite aquifer. The USGS report
also indicated that vertical head differences increased with depth in the dolomite aquifer. Lastly,
the report indicated that the effects of pumpage of the sandstone aquifer do not extend upward
into the lower part of the dolomite aquifer as determined by a boring (BH3) approximately 2,750
feet from the pumped well.

3.2.2 Groundwater Flow

The direction of groundwater flow was determined from monitoring well water level
measurements collected during the remedial investigation. Groundwater elevations for October
1993 and February 1994 are summarized on Table 3-3. Groundwater contours for the
unconsolidated aquifer and the dolomite aquifer are shown in Figures 3-11 and 3-12,
respectively. Groundwater elevations for the sandstone aquifer were not contoured because only
two data points are available.

Based on CDM's study, the general direction of groundwater flow in the study area is to the
west in both the unconsolidated and the dolomite aquifers. A previous study showed that the
groundwater flow direction in the sandstone aquifer is complex due to several cones of
depression from pumpage of the aquifer by the City and various industries such as Ingersoll
Milling Machine Company, Essex International, Inc., and others (Visocky, 1993). In the
unconsolidated aquifer, the flow in the eastern portion of the study area (20th Street to Alpine
Road) is west with a slight northerly direction. When compared to the groundwater contours in
the western portion of the study area (based on contours from wells MW111A to MW142),
contours in the east are more closely spaced denoting a larger hydraulic gradient (0.012), most
likely due to the influence of the low conductivity till materials found in the subsurface bedrock
valley (see Section 3.1). From MW15 to MW128, the flow direction continues in the same
direction; however, the gradient decreases significantly (0.0047) once groundwater encounters the
higher conductivity materials (predominantly sands) found in the western portion of the study
area. Past Eighth Street and to the river (in a line from MW128 to MW117) the gradient
decreases again (0.001) and the flow direction turns to the southwest, probably due to the
influence of the Rock River. An average gradient of .003 was calculated for the western portion
of the study area; an average gradient of .006 was calculated for the entire unconsolidated
aquifer.
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TABLE 3-3
GROUNDWATER ELEVATIONS
SOUTHEAST ROCKFORD GROUNDWATER STUDY

TOC DIW SWE Dw SWE DTW SWE
LOCATION | ELEV. | 2/2/94 | 2/2/94 |10/26/93]|10/26/93| 10/21-22/93 | 10/21-22/93

MW101A 765.64 | 42.04 | 723.60 | 40.05 725.59 40.06 725.58
Mwi1018 766.50 | 43.12 | 723.38 | 41.26 725.24 41.30 725.20
MW101C 766.48 | 43.00 | 723.48 | 41.27 | 725.21 41.32 725.16
MW101D 764.96 | 45.28 | 719.68 | 43.84 721.12 43.96 721.00
MW102A 788.43 | 23.18 | 765.25 | 22.69 765.74 22.66 765.77
MW102B 788.61 39.02 | 749.59 | 36.81 751.80 36.74 751.87
MW102C 789.87 | 42.62 | 747.25 | 39.97 | 749.90 39.98 749.89
MW103A 79264 | 18.83 | 773.81 16.44 | 776.20 16.45 776.19
MW103B 792.45 | 18.31 774.14 15.89 | 776.56 15.90 776.55
MW103C 792.41 18.19 | 774.22 15.72 776.69 15.74 776.67
MW103D 790.38 | 37.20 | 753.19 | 34.24 | 756.15 34.25 756.14
MW104A 818.10 | 38.50 | 779.60 | 35.71 782.39 35.64 782.46
MW104B 817.37 | 38.82 | 778.55 | 36.08 | 781.29 36.00 781.37
MW104C 818.25 | 40.72 | 777.53 | 37.95 780.30 37.88 780.37
MW105A 785.57 4.30 781.27 3.49 782.08 3.46 782.11
MW1058 785.78 3.52 782.26 1.75 784.03 1.72 784.06
MW105C 785.66 5.29 780.37 | 2562 783.14 2.53 783:13
MW105D 786.21 6.09 780.12 3.32 782.89 3.33 782.88
MW106A 805.71 18.61 787.10 | 15.86 | 789.85 15.83 789.88
MW106B 805.52 | 21.60 | 783.92 18.40 | 787.12 18.40 787.12
MW106C 805.40 | 20.46 | 784.94 17.16 788.24 17.15 788.25
MW107A 808.86 | 15.20 | 793.66 12.10 | 796.76 12.03 796.83
MW107B 808.87 | 15.12 | 793.75 12.03 796.84 11.96 796.91
MW107C 808.70 | 15.17 | 793.53 12.06 796.64 11.85 796.85
MW108A 824.90 | 28.39 | 796.51 25.32 799.58 25.19 799.71
Mw1088 824.93 | 28.18 | 796.75 | 25.11 799.82 24.98 799.95
Mw108C 825.16 | 27.91 797.25 | 24.69 800.47 24.57 800.59
MW108A 850.90 NM 25.17 | 825.73 25.01 825.89
MW109B 850.46 | 28.95 | 821.51 25.18 825.28 25.02 825.44
MW109C 85046 | 29.13 | 821.33 | 25.34 | 825.12 25.18 825.27
MW1090 850.65 | 29.15 | 821.50 | 25.38 825.27 25.22 825.43
MW110A 846.65 | 29.24 | 817.41 22.82 823.83 22.62 824.03
MW110B 846.18 | 32.82 | 813.36 | 25.87 | 820.31 25.67 820.51
MW110C 846.24 | 3334 | 812.90 | 26.46 819.78 26.26 819.98
MW111A" 829.69 NM 16.53 813.16 NM

MW111B* 829.79 NM 16.84 | 812.95 NM

MWi111C* 829.82 NM NM NM

MW112A 802.58 | 10.52 | 792.06 8.40 794.18 8.24 794.34
MW1128 803.05 9.70 793.35 6.46 796.59 6.39 796.66

All measurements in feet, measured from the north side of casing. Elevations are feet above Mean Sea Level (MSL).

TOC= Top Of Casing
SWE-= Static Water Elevation
NM= Not Measured

* TOC elevation updated since Phase |

DTW= Depth To Water




TABLE 3-3
GROUNDWATER ELEVATIONS
SOUTHEAST ROCKFORD GROUNDWATER STUDY

TOC DwW SWE Dw SWE DTW SWE
LOCATION | ELEV. | 2/2/94 | 2/2/94 |10/26/93]|10/26/93] 10/21-22/93 | 10/21-22/93

MW112C 802.83 | 116.15 | 686.68 | 112.95 | 689.88 113.70 689.13
MW113A 766.54 | 5525 | 711.29 | 5444 | 712.10 54.50 712.04
MW113B 766.65 | 56.28 | 710.37 | 5545 | 711.20 55.47 711.18
MW114A 729.89 | 29.74 | 700.15 | 28.75 | 701.14 28.15 701.74
MW114B 727.42 | 32.16 | 695.26 31.23 | 696.19 29.96 697.46
MW115A 801.33 [ 75.65 | 725.68 73.39 | 727.94 73.80 727.53
MW1158 802.26 | 76.39 | 725.87 | 7444 | 727.82 74.60 727.66
MW116A 736.24 | 40.54 | 695.70 | 39.50 | 696.74 39.44 696.80
MW116B 736.35 NM 39.63_| 696.72 39.58 696.77
MW117A 696.19 6.41 689.78 5.55 630.64 5.41 690.78
MW117B 696.26 6.49 689.77 5.63 630.63 5.46 690.80
MW117C 696.11 5.77 690.34 4.90 691.21 4.73 691.38
MW118 717.59 | 22.83 | 694.76 | 21.81 695.78 _20.14 697.45
MW119 718.97 | 26.72 | 69225 | 25.54 | 693.43 25.46 693.51
MWi121 716.98 | 23.43 | 693.55 | 22.38 694.60 22.28 694.70
MW122A 810.47 | 18.22 | 792.25 15.64 | 794.83 15.57 794.90
MW1228 810.33 | 18.63 | 791.70 | 15.65 794.68 15.57 794.76
MW123 729.52 | 33.92 | 695.60 | 33.25 | 696.27 33.16 696.36
MW124 731.30 | 36.31 694.99 | 35.19 696.11 35.10 696.20
MW125 727.31 | NM 30.05 697.26 30.00 697.31
MW126A 727.62 NM 30.60 | 697.02 30.52 697.10
MW1268 727.60 | NM 30.58 | 697.02 30.53 697.07
Mwi27 728.59 | 31.11 697.48 | 30.17 | 698.42 30.04 698.55
MW128 728.40 NM 29.03 699.37 29.81 698.59
MW129 732.12 NM 31.53 700.59 NM

MW130 727.95 NM 23.39 704.56 NM

MW131 736.95 NM <701.64 | >35.31 | <701.64 >35.31 <701.64
MWi132 728.73 NM 28.62 700.11 28.56 700.17
MW133A 780.18 | 26.91 753.27 | 24.69 755.49 24.61 755.57
MW133B 780.33 | 26.11 754.22 | 23.71 756.62 23.66 756.67
MW133C 780.29 | 21.80 | 758.49 1948 | 760.81 19.45 760.84
MW134A 799.09 | 12.92 | 786.17 10.60 | 788.49 10.52 788.57
MW1348 798.80 | 13.42 | 785.38 11.01 787.79 10.96 787.84
MW134C 799.11 16.59 | 782.52 13.62 | 785.49 13.60 785.51
MW135 835.19 NM 35.88 799.31 35.76 799.43
MW136 834.77 | 34.58 | 800.19 | 31.37 | 803.40 31.20 803.57
MW138 73479 | 35.16 | 699.63 | 34.25 700.54 34.27 700.52
MW140 739.71 33.65 | 706.06 | 32.81 706.90 32.86 706.85
MW141 758.06 NM 41.31 716.75 41.38 716.68

All measurements in feet, measured from the north side of casing. Elevations are feet above Mean Sea Level (MSL).

TOC= Top Ot Casing
SWE-= Static Water Elevation
NM= Not Measured

* TOC elevation updated since Phase |

DTW= Depth To Water




TABLE 3-3
GROUNDWATER ELEVATIONS
SOUTHEAST ROCKFORD GROUNDWATER STUDY

TOC DIW | SWE DIW SWE DTW SWE

LOCATION | ELEV. | 2/2/94 | 2/2/94 |10/26/93]|10/26/93| 10/21-22/93 | 10/21-22/93
MW142 758.73 | 43.61 | 71512 | 40.41 | 718.32 40.44 718.29
W1 736.42 | 36.47 | 699.95 | 35.70 | 700.72 | 85.70 700.72
w3 737.64 | 37.65 | 699.99 | 36.88 | 700.76 36.87 700.77
W4 737.71 | 37.44 | 700.27 | 36.67 | 701.04 36.67 701.04
IW5 737.81 | 37.66 | 700.15 | 36.90 | 700.91 36.89 700.92
MWO1 734.06 | 34.35 | 699.71 | 33.69 | 700.37 34.67 699.39
MW02 735.30 | 35.64 | 699.66 | 34.97 | 700.33 34.96 700.34
MWO5 735.58 | 33.84 | 701.74 | 33.18 | 702.40 33.18 702.40
MWO09 718.13 | 18.49 | 699.64 | 17.58 | 700.55 17.56 700.57
MW12 730.97 | 36.58 | 694.39 | 35.48 | 695.49 NM

MW15 746.17 | 35.80 | 710.37 | 34.97 | 711.20 35.01 711.16
MW16 728.04 | 2564 | 702.40 | 24.85 | 703.19 24.88 703.16
MW17 726.80 | NM | 22.04 | 704.76 NM

MW19 73433 | NM 30.47 | 703.86 30.49 703.84
MW20 725.07 | 27.91 | 697.16 | 26.84 | 698.23 NM
(Mw21 726.14 | 24.01 | 702.13 | 23.22 | 702.92 NM

MW22 730.19 | NM | 2477 | 705.42 2480 | 705.39
MW24 731.75 | 27.27 | 704.48 | 2654 | 705.21 26.61 705.14
MW26 759.95 | 48.32 | 711.63 | 47.66 | 712.29 47.74 712.21
MW27 753.06 | 44.20 | 708.77 | 4357 | 709.49 43.66 709.40
MW29 718.16 | 18.51 | 699.65 | 18.61 | 699.55 17.58 700.58
MW30 728.29 | NM 30.56 | 697.73 30.51 697.78
MW31 727.85 | 2538 | 702.47 | 2461 | 703.24 24.64 703.21
MW32 73430 | 28.30 | 706.00 | 27.49 | 706.81 27.53 706.77
MW33 735.81 | 30.88 | 704.93 | 30.12 | 705.69 | 30.16 705.65
MW35 728.41 | NM NM 23.59 704.82
MW36 732.56 | NM 27.25 | 705.31 27.29 705.27
MW38 729.15 | NM 27.63 | 701.52 27.62 701.53
MW3g 731.08 | NM NM 30.48 700.60
MW42 729.14 NM 30.17 698.97 30.11 699.03
MW43 733.80 | 38.02 | 695.78 | 36.95 | 696.85 NM

MW46 724.65 | NM 28.17 | 696.48 28.11 696.54
MW47 735.66 | 42.30 | 693.36 | 41.13 | 694.53 41.07 694.59

All measurements in feet, measured from the north side of casing. Elevations are feet above Mean Sea Level (MSL).

TOC= Top Of Casing
SWE-= Static Water Elevation
NM= Not Measured

* TOC elevation updated since Phase |

DTW= Depth To Water
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Section 3
Resuits of Hydrogeologic Investigation

Of the two wells installed in the sandstone aquifer (MW112C and MW114B) MW112C, in the
east portion of the study area, MW112C showed a lower water elevation (689.13 feet MSL) than
MW114B (697.46 feet). Although these elevations indicate the possibility of an easterly flow
direction, the actual flow directions in the sandstone aquifer are multi-directional due to
pumpage from municipal wells screened in the sandstone.

Vertical hydraulic gradients are present between the unconsolidated and bedrock aquifers, and
within the dolomite aquifer (see Table 3-4). Vertical hydraulic gradients indicate the tendency of
groundwater to flow vertically. Downward gradients exist at 10 of the 23 monitoring well nest
locations where the vertical gradient was determined, with the largest occurring at MW134. The
largest upward hydraulic gradient occurs at MW133. Geographically, the wells with an upward
gradient are generally in the center of the study area, in an area bordered by Twentieth Street,
Alpine Road, Harrison Avenue, and Sandy Hollow Road. An exception is well clusters MW1
and MW117, located in the western area of the study area, that also have upward gradients.
Figure 3-13 illustrates the spatial distribution of vertical hydraulic gradients for the
unconsolidated and dolomite aquifers.

Most of the wells with upward hydraulic gradients in the eastern part of the study area are
located on the southern and eastern parts the bedrock valley. There is some lateral flow from
the dolomite into the unconsolidated deposits in this area. The upgradient part of the buried
bedrock valley may be serving as a discharge area for flow from the upper part of the dolomite
aquifer.

3.2.3 Hydraulic Conductivity

Hydraulic conductivity is the capacity of rock or sediment units to transmit water. It is
expressed as the volume of water that will move in unit time under a hydraulic gradient
through a unit area measured at right angles to the direction of flow.

Hydraulic conductivity measurements were obtained using the slug test method as described in
subsection 2.8. The Bouwer and Rice (1976) method was used to analyze the slug test data.
Hydraulic conductivity (K) results are summarized on Table 3-5, complete results are given in
Appendix C.

Hydraulic conductivities for the unconsolidated aquifer were determined for both the east and
the west portion of the study area by testing 37 wells, 23 wells in the east section and 14 in the
west. Conductivities for the dolomite aquifer were determined by testing 22 wells; 2 wells were
tested in the sandstone aquifer. The range of conductivity values for the unconsolidated aquifer,
both east and west portions, is 3.9 x 107 ft/sec in MW122B to 9.6 x 10™ ft/sec in MW121 with a
geometric mean of 3.9 x 10° ft/sec. For the east portion of the study area, the conductivity
ranged from 3.9 x 107 ft/sec in MW122B to 7.8 x 10* ft/sec in MW102B with a geometric mean
in the east unconsolidated materials of 4.0 x 10° ft/sec. The west portion of the study area
showed conductivities of 1.6 x 10° ft/sec in MW114A to 9.6 x 10* ft/sec in MW121. The
geometric mean of the west portion is 3.9 x 10° ft/sec.
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TABLE 3-4
VERTICAL HYDRAULIC GRADIENTS
SOUTHEAST ROCKFORD GROUNDWATER STUDY

10/2603 | SCREEN BASE |MID SCREEN| HEAD SCREEN | VERTICAL| GRADIENT
LOCATION SWE ELEVATION | ELEVATION | DIFFERENCE| DIFFERENCE| GRADIENT|DIRECTION
MW101A 725.59 67762 682.62
MW101B 725.24 616.52 621.52 0.35 61.10 5.73E-03 | DOWN
MW1028 751.80 690.61 695.61
MW102C 749.90 605.57 610.57 1.90 85.04 2.23E02 | DOWN
MW103A 776.20 751.56 756.56
MW1038 776.56 719.39 724.39 0.36 3217 -1.12E-02 up
MW104A 782.39 741.10 746.10
MW104B 781.29 695.47 70047 1.10 4563 241E02 | DOWN
MW105A 782.08 76357 768.57
MW105C 783.14 690.66 695.66 -1.06 72.91 -1.45E-02 uP
MW105D 782.89 629.41 634.41 -0.81 61.25 -1.32E-02 UP
MW106A 789.85 765.71 770.71
MW106B 787.12 719.12 724.12 2.73 46.59 5.86E-02 | DOWN
MW107A 796.76 770.86 775.86
MW1078 796.84 742.87 747.87 0.08 27.99 -2.86E-03 UP
MW107C 796.64 668.30 673.30 0.12 102.56 1.17E03 | DOWN
MW108A 799.58 785.90 790.90
MW 1088 799.82 763.93 768.93 0.24 21.97 -1.09E-02 upP
MW108C . 80047 690.86 695.86 0.89 95.04 -9.36E-03 upP
MW109A 82573 | 818.89 823.89
MW109B 825.28 790.47 79547 0.45 - 2842 1.58E-02 | DOWN
MW110A 823.83 80665 81165
MW110C . 819.78 734.84 739.84 4.05 71.81 5.64E-02 | DOWN
MW111A 813.16 795.70 800.70
MW111B 81295 772.70 777.70 0.21 23.00 9.13E03 | DOWN
MW112A 794.18 764.90 769.90
MW1128 796.59 705.30 710.30 2.41 58.60 -4.04E-02 up
MW113A 712.10 662.00 669.50
MW1138 711.20 611.40 616.40 0.90 53.10 1.69E02 | DOWN
MW114A 701.14 629.90 634.90
MW1148 696.19 505.20 510.20 495 124.70 397602 | DOWN
MW115A 72794 701.90 706.90
MW115B 727.82 672.40 677.40 0.12 29.50 407603 | DOWN
MW116A 696.74 654.20 659.20
MW116B 696.72 569.30 574.30 0.02 84.90 2.36E-04 | NONE®
MW117A 690.64 656.90 661.90
MW117C £91.21 536.90 54190 057 120.00 -4.75E-03 UP
MW118 695.78 621.40 626.40
MW29 699.55 681.30 683.80 377 57.40 -6.57E-02 uP
MW122A 794.83 750.50 755.50
MW122B 794.68 680.60 £85.60 0.15 69.90 2.15E-03 | DOWN
MW126A 697.02 673.40 678.40
MW126B 697.02 643.40 645.90 0.00 32.50 0 NONE
MW133A 755.49 742.60 747.60
MW1338 756.62 719.50 724.50 -1.13 23.10 -4.89E-02 UP
MW133C 760.81 681.70 686.70 4.19 37.80 -1.11E-01 UP
MW134A 768.49 772.10 77460
MW134C 785.49 736.20 738.70 3.00 35.90 8.36E-02 | DOWN

Elevations are feet above mean sea level

Head and screen difference are in feet

SWE= Static Water Elevation

* A head difference of 0.02 feet is not substantial enough to consider a gradient.
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TABLE 3-5

AQUIFER HYDRAULIC CONDUCTIVITIES
SOUTHEAST ROCKFORD GROUNDWATER STUDY

ft/sec  data pts.

Mean of Unconsolidated Aquifer 3.93E-05 37
Mean of East Unconsolidated Aquifer 3.96E-05 23
Mean of West Unconsolidated Aquifer 3.89E-05 14
Mean of Dolomite Aquifer 2.96E-05 22
Mean of Sandstone Aquifer 1.05E-04 2

Total 61

’ ft/sec

Maximum of Unconsolidated Aquifer 9.58E-04
Minimum of Unconsolidated Aquifer 3.88E-07
Maximum of Unconsolidated Aquifer East | 7.84E-04
Minimum of Unconsolidated Aquifer East 3.88E-07
Maximum of Unconsolidated Aquifer West | 9.58E-04
Maximum of Unconsolidated Aquifer West | 1.60E-06
Maximum of Dolomite Aquifer 2.37E-04
Minimum of Dolomite Aquifer 2.86E-06




Section 3
Results of Hydrogeologic Investigation

The mean conductivities of the east portion of the unconsolidated aquifer are similar to the
western portion of study area. This is most likely due to the preferential placement of the wells
into materials of higher permeability in the eastern portion of the study area.

Based on testing 22 wells, the range of hydraulic conductivities for the dolomite bedrock aquifer
was 2.9 x 10° ft/sec in MW109B to 2.4 x 10* ft/sec in MW103D, with a geometric mean of 3.0 x
10° ft/sec. The mean K for the dolomite bedrock falls at the top of the range of values for
limestone and dolomite (Freeze and Cherry, 1979).

Two wells (MW114B and MW112C) that were installed in the sandstone aquifer were tested for
conductivity. The geometric mean for these two wells was 1.1 x 10* ft/sec.
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Section 4
Results of Contaminant Investigation

4.1 Useability of Chemical Data

4.1.1 General

This section describes the quality assurance/quality control measures applied to the chemical
data and the effect of these measures on the overall useability of the data. The specifics of data
useability for each sample matrix is included in Appendix E. Samples collected included
groundwater, residential well water, subsurface soil, surface soil, test pit soils and air, and
residential air samples. During the Phase II study, 120 groundwater and 116 soil samples were
sent for analysis. Thirty-four groundwater quality control samples were analyzed, including
seven field duplicates, seven field blanks, and 19 trip blanks, and a sample of the drilling water.
Four field duplicates were analyzed for the soil samples. Forty air samples were collected from
residential basements along with 1 field duplicate and 2 field blanks. Also, 18 air samples were
collected next to the test pits along with 2 field duplicates and 2 field blanks.

With the exception of the fast-turnaround screening samples for VOCs, all samples collected
were analyzed through the USEPA's Contract Laboratory Program (CLP). For the Southeast
Rockford Phase II Remedial Investigation, the analytical procedures for the CLP Laboratory are
specified in the current USEPA CLP SOW OLMO01.0 (8/91) for RAS low-medium concentration
organic analyses, in the current CLP SOW ILM02.0 (9/91) for RAS low-medium concentration
inorganic analyses, in the current CLP SOW (9/88) for high concentration organic analyses and
in the current CLP SOW IHCO01.1 for high-concentration inorganic analyses. The Phase II
analytical methods are comparable to the Phase 1 methods because both were analyzed using
CLP SOW procedures, and even though the SOWs are slightly different, the differences are in
reporting procedures and not analytical methods. The analytical procedures for SAS CLP
Laboratory analysis are specified in the SAS Client Request Forms provided in the Southeast
Rockford Groundwater Contamination Phase II Quality Assurance Project Plan (QAPP) March
1993. The analytical method, SW846 8010, was used for the screening level volatile organic
analysis performed by Analytical Laboratory Services of Rockford and is also provided in the
Phase II QAPP.

4.1.2 Data Validation

Data reduction, validation, and recording were conducted in accordance with USEPA guidelines.
Upon receipt of the analytical results from the CLP laboratory, CDM's validation staff reviewed
the data. CDM validated 25 percent of the data in accordance with the procedures outlined in
the QAPP. Each data package had 25 percent of the data validated. Samples chosen to be
validated within each data package included samples that were critical to the investigation,
background samples, anomalies from the Phase I investigation, and MS/MSD samples. If none
of these samples were contained in a data package, then samples were chosen to cover the range
of concentrations of contaminants detected in the samples from that particular data package.
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Rev1ewers ensured that the data rewewed met the gmdehnes spemﬁed in the USEPA document

Procedures for validation of CLP Inorganic Data - USEPA Region V Central Regional Laboratory
September, 1993. In addition, data was compared against further guidelines as specified in the
March 1993 SAS Requests for the Southeast Rockford Phase II Remedial Investigation. Data that
did not meet these requirements were either rejected completely or accepted with restrictions,
and denoted with data qualifiers. Validation criteria that could easily be extended from the 25
percent of the validated data to the non-qualified data, such as laboratory blank contamination,
initial calibration, continuing calibration, internal standards and holding times were applied to
that data and appropriately flagged. A complete list of the data qualifiers used for validating
the Phase II data is provided in Appendix E.

Data that were qualified were specified in each case narrative by the data validator. Validation
documentation is available for review in the Southeast Rockford Phase II project files and at
USEPA Region V Central Regional Laboratory.

4.1.3 Field Quality Control Samples

4.1.3.1 Introduction

Field quality control samples consisted of trip blanks, field blanks, and field duplicates, and a
sample of water used for drilling from the City of Rockford Municipal Source which is the same
source as the decontamination water. Trip blanks are used to determine whether sample
contamination occurred during sample packaging or shipping. Field blanks serve to reveal
possible sample contamination derived from sampling procedures, packaging, or shipping. Field
duplicates help to assess the reproductibility of the sampling process and how well the sample
represents the environment. The field quality control samples were collected as described in
subsection 2.2. The results of the analysis of field quality control samples are provided in
Appendix F. Data used for evaluating nature and extent of contamination were qualified based
on the results of the field quality control samples as described in Appendix E.

4.1.4 Overall Data Useability Assessment

4.1.4.1 General

Considering the large volume of data collected for Phase II, few analyses were rejected on the
basis of laboratory error. This section will discuss the groundwater contaminants which were
considered contaminants of concern for the project and any rejected data along with all the soil
and air samples and any contaminants which were rejected. The contaminants of concern for
groundwater were those contaminants which exceeded or approached the Safe Drinking Water
Act (SDWA) Maximum Contaminant Levels (MCLs). Table 4-1 lists the contaminants of concern.
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CONTAMINANTS OF CONCERN

Vinyl chloride
Methylene chloride
1,1-Dichloroethene
1,1-Dichloroethane
1,2-Dichloroethene (total)
1,2-Dichloroethane
1,1,1-Trichloroethane

1,2-Dichloropropane
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Trichloroethene
1,1,2-Trichloroethane
Benzene
Tetrachloroethene
Toluene
Ethylbenzene

Xylene



Section 4
Results of Contaminant Investigation

Contaminants of concern were not chosen for soil samples as the SDWA MCLs are inappropriate
to compare with soil samples and there are no comparable standards for soils.

Only a limited amount of data was rejected due to data validation. The base neutral semivolatile
groundwater analysis for samples EXT 36 and EXT 36DL for all nondected parameters were
rejected due to low surrogate recoveries. There was also an internal standard problem with EXT
36 and EXT 36DL which resulted in all of the results of this analysis for these two samples to be
rejected. Cyanide was rejected in samples MEW] 67, 68, 69, 70, 71, 72, 73, 74, 75 and 76 due to
no recovery of the matrix spike. All endrin results were rejected in samples EXR 61 and EXR 62
due to the poor endrin breakdown and total DDT/endrin breakdown for these samples.

CDM stated in the Phase II QAPP that the CLP is expected to provide data meeting QC
acceptance criteria for 95 percent or more of all samples tested. Analytical data from the CLP is
assessed for contractual completeness by the Sample Management Office according to their
contract compliance screening procedure. CDM reviewed the data for precision, accuracy, and
completeness in accordance with the procedures described in the National Functional Guidelines
for Organic Data Review published by the USEPA Contract Laboratory Program in Draft form,
June, 1991. Data was assessed according to five data quality indicators (DQIs):

Completeness is a measure of the amount of valid data obtained compared to the amount that
was expected to be obtained. Field and analytical data may be specified at different completeness
levels. The completeness criterion should be defined to be consistent with the project data
quality objectives. Completeness will be discussed in Appendix E only if it adversely affects the
data.

Comparability is a measure of the confidence associated with comparing one set of data to
another. Comparability between Phase II data, and Phase I and Operable Unit data is
maintained by employing similar sampling procedures and analytical methods and utilizing
appropriate quality assurance and quality control measures. Groundwater sampling was also
performed at the same time of year, so seasonal variations would not influence the results. The
EPA CLP SOW methods changed slightly from the time of the operable unit to the time of the
Phase II investigation. The changes in the CLP SOWs were mainly reporting requirement
changes and not analytical procedure changes. Therefore, these changes would not affect the
comparability of the data between the different phases of this investigation. The issue of
comparablhty between Operable Umt data USEPA and IDPH data has been discussed in

a ja andum (September,
1990). It was found that there were often large dlscrepanaes between the residential well
sampling results for identical homes. Therefore, this previous residential well data is used only
to determine possible historical patterns.

Representativeness is a measure of the degree to which the data represents the actual site, and
can serve as a measure of the actual risk at that site. Representativeness is examined by looking
at any non-conformance with approved sampling and analytical methodology and evaluation of
their effects. During the Phase II field activities, there were few deviations from prescribed
sampling and analysis procedures. Any deviation from these procedures are discussed in
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Section 2. Also, examination of the results of QC blanks for external sample contamination can
be used to evaluate representativeness.

Precision is a measure of the agreement among separate measurements of the same sample. This
can be assessed from the duplicate and matrix spike analysis performed on the samples. A
number of duplicate samples were collected for each type of matrix and sample analysis
performed for the Phase II investigation. A discussion of duplicate results are provided for each
sample type in Appendix E.

Accuracy is the degree of agreement of a data point with the true value. All data was analyzed
according to USEPA CLP procedures, which included accuracy calculations derived from the
percent recovery of spiked samples and the analysis of internal and Performance Evaluation
standards. This information was provided in the data packages provided from the laboratory.
Accuracy is discussed as needed in Appendix E for each sample matrix and analysis.

4.2 Results of Soil Gas Surveys

Soil gas surveys were conducted during both Phase I and Phase II of the remedial investigation
for the Southeast Rockford site. The soil gas surveys were performed to identify areas of soil
contamination, and to aid in locating potential contaminant source areas in the study area. As
discussed in Section 2, soil gas samples were analyzed for TCA, TCE, and PCE as per the work
plan. As discussed in subsection 4.3 of the Technical Memorandum for Phase I Field Activities
(CDM, 1992), six areas were selected for soil gas investigation in Phase I. These areas were
selected based on the results of groundwater sampling conducted in 1990 during the Operable
Unit phase. Based on the results of the Phase I soil gas sampling effort, four of the six areas
surveyed were retained for further soil gas investigation in Phase II in order to determine the
existence and extent of contaminated soils (Areas 1 through 4; see Figure 4-1); two areas (Areas
5a and 6) were eliminated from consideration as potential source areas. The specific rationale for
performing further soil gas sampling in Areas 1 through 4 is as follows:

Area 1 - Wells downgradient contained elevated PCE (545 ppb) and its potential degradation
products TCE and cis-1,2-DCE, based on 1990 sampling in the Operable Unit (CDM, 1990). One
Phase I soil gas sampling location (sample SG1-28) showed a concentration of a target compound
of greater than 1 pg/L (PCE at 4 png/L). In addition, a laundry facility was noted in the
northern portion of this area.

Area 2 - A Phase I soil gas sample contained 120 pg/L PCE, and residential wells roughly
downgradient contained PCE and its potential degradation products TCE, cis-1,2-DCE, and vinyl
chloride in 1990 samples.

Area 3 - Several Phase I soil gas samples displayed moderate concentrations of PCE, TCE, and
TCA (3 to 5 ng/L), and two downgradient residential wells contain elevated PCE.

Area 4 - One Phase I soil gas sample showed high concentrations of TCA and TCE (Phase I
sample SG4-10 at 3,400 pg/L of TCA, 180 pg/L TCE) near a metal parts manufacturing facility;
one downgradient well had elevated TCA and TCE concentrations in 1990. While the Phase I
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sample is indicative of a nearby contaminant source, Phase II work was to focus on the extent of
this source.

In addition to the above areas, the following areas were identified as potential source areas
based on information gathered in Phase I:

Area 5b - Located upgradient (east) of the highest contaminant concentrations detected in Phase I
wells (12,000 ppb TCA at MW101B). Aerial photographs from 1958 and 1964 show numerous
tracks and areas of possible trenching.

Area 6 - Different from the soil gas Area 6 tested in Phase I, potential source Area 6 is located
upgradient of the highest contaminant concentrations detected in Phase I wells (12,000 ppb TCA
at MW101B). Based on the presence there of a gravel pit which may have been the location of
waste disposal.

Area 7 - Located upgradient (east) of an extensive area of groundwater contamination
encompassing MW106 and MW103 (shallow well MW106A had 6,000 ppb TCA), as defined by
Phase I sampling. Aerial photos from 1951 through 1970 show evidence of disposal, excavation,
and possible trenching. Debris and/or refuse disposal is clearly visible in two small tributary
valleys southeast of MW106, and excavation and disturbed ground are present in a larger area
east of MW106.

Area 8 - Located upgradient (east) of an area of groundwater contamination by chlorinated
solvents near Alpine Road and Harrison Avenue. On-site monitoring wells and RI work
conducted at the facility (EDI, 1989) as well as Phase I and II samples show that the
contamination originates at this facility.

Of these areas, Phase II soil gas work was conducted at Areas 5a and 7 only. Area 6 was
eliminated as a Phase II soil gas survey area after aerial photos of that area became available;
these photos showed that the gravel pit only came into existence in the mid-1980s. Area 8 was
not considered as a soil gas survey area because of the availability of on-site data showing the
likelihood of an on-site contaminant source.

The following additional areas were identified for soil gas investigation during Phase II, based
on various lines of evidence developed between Phase I and Phase II:

Area 9 - Located near a low-concentration Phase I soil gas hit in potential source Area 3, and
upgradient of a groundwater hit in ISWS well MW46 (302 ppb of TCA, 99 ppb of PCE and 93
ppb of TCE in March 1992).

Area 10 - Located roughly upgradient of ISWS well MW20. Though located in the main portion
of the contaminant plume, in past samples MW20 has contained higher contaminant
concentrations (426 ppb of 1,1-DCA in March 1992) and different contaminant ratios than those
observed in upgradient wells.
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Area 11 - Located at an industrial site where oils and chlorinated organic contaminants have
been reported from subsurface soils; an on-site monitoring well (MW?2 on the railroad right-of-
way) contained 1,150 ppb of TCA and 302 ppb TCE in November 1991.

Area 12 - Located at a large facility containing large solvent tanks, which is also suspected
because wells roughly downgradient (Unit Well 7, ISWS wells MW]1, 2, and 5) have shown high
contaminant concentrations in groundwater (generally 50 to 500 ppb of TCE in 1988).

Area 13 - Located at an inactive solvent recovery facility evaluated in a previous IEPA study,
where in 1988 on-site monitoring wells contained up to 910 ppb TCA, 620 ppb TCE, and 230 ppb
PCE.

Area 14 - Located near the northern margin of the plume, on and adjacent to the former Borg-
Warner facility. At the rear of the facility is a chip pit, which may have been unlined for a
period of its existence. Soil samples were collected from beneath the chip pit for Borg-Warner by
Fehr-Graham & Associates in late 1987 (contaminated soil was apparently removed in 1988);
these samples contained up to 1,020 ppm of cis-1,2-DCE, 627 ppm of 1,1-DCA, 150 ppm of TCA,
111 ppm of PCE, and 75 ppm of TCE. Adjacent to (east) of the facility is an area which air
photos show had heavy equipment activity from 1958 to 1961, with topsoil and vegetation
missing across many small areas where waste disposal may have occurred. A third suspect area
is adjacent to the railroad northwest of the facility, where sludge disposal to the ground may
have occurred.

The soil gas survey in Area 7 was conducted in two segments. As discussed in Section 1, an
initial survey was conducted in May 1992; this survey consisted of 78 soil gas samples collected
over an extensive area located roughly upgradient of well nest MW106, focusing on the suspect
areas that displayed evidence of disposal and disturbance. While this survey was extensive, it
did not completely define the western, northwestern, and southwestern extent of anomalous soil
gas concentrations. As a result, additional soil gas work was conducted in Area 7 during
February 1993, as part of Phase II. Phase II soil gas work in all other areas was conducted in
January and February 1993.

The following discussion summarizes the findings of the soil gas surveys. A more detailed
discussion of the Phase I results is found in subsection 4.3 of the Phase I Technical Memorandum
(CDM, 1992), and the complete analytical results are found in Appendix A within that document.
Complete results for the Phase II soil gas surveys are presented in Appendices G-1 and G-2 of
this document.

Area 1

The Phase II soil gas survey in Area 1 centered on an area around Phase I soil gas location SG1-
28, which showed 4 pg/L of PCE. Subject to access limitations, samples were placed on centers
of approximately 100 feet, and in areas where few samples were collected in Phase I. An
additional two samples were placed north of any Phase I samples, at the site of a reported
laundry at Barnum Road and Kishwaukee Street. Phase II soil gas sampling yielded three
samples with PCE concentrations greater than 1 pg/L, with SG1-3, 1-10, and 1-13 containing 18,
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3, and 2 pg/L, respectively. TCA and TCE were not detected above 1 pg/L. Though these
concentrations are significant and are consistent with what was observed in Phase I, the sample
locations do not constitute a contiguous area of elevated contaminant concentrations. In
addition, the moderate magnitude of the concentrations does not indicate a large or particularly
concentrated contaminant source in Area 1. Further contaminant source screening work was not
undertaken in Phase II, based on the lack of a well-defined suspect area for further work. The
shallow unconsolidated deposits consist mainly of sands and some gravel as seen in the boring
log for MW119 in Appendix A. The depth to groundwater in this area is about 22 feet. The
origin of the elevated contaminant concentrations in the two residential wells is therefore not
known.

Area 2

In Area 2, the Phase II soil gas survey area centered on a salvage yard, where a Phase I sample
(5G2-9) had a PCE concentration of 120 pg/L. In Phase II, soil gas sampling locations were
placed at relatively closely-spaced centers (about 100 feet) around the Phase I hit (elevated
contaminant concentration). Phase II results were consistent with Phase I results in showing
elevated concentrations for PCE but not for TCE or TCA. The PCE hits comprised four points
(SG2-7 through 10) near Phase I point SG2-9, ranging from 2 pg/L to 140 pg/L. Together with
Phase I data, these samples constitute an anomalous area of about 150 by 400 feet centered on
Kling Street and the salvage yard east of Kling Street. This area may represent a low- or
moderate-concentration contaminant source. Based on these results, Area 2 was retained for
further investigation as a potential source area; additional source screening work in Phase II
consisted of drilling and sampling soil borings as described in subsection 4.5, and sampling
upgradient and downgradient monitoring wells as summarized in subsection 4.8. The shallow
unconsolidated deposits in this area are also mainly sands with some gravel. Depth to
groundwater is about 30 feet in the area.

Area 3

Two soil gas sampling locations were tested during Phase II. These samples were collected west
of the Phase I point (5G3-1) that showed elevated results for PCE, TCA, and TCE (5, 4, and 3
ng/L, respectively). The two Phase II samples showed lower but still-detectable concentrations
of these compounds (0.2 to 2 pg/L of each target compound). The shallow unconsolidated
deposits in this area are mainly sands. Depth to groundwater is about 30 feet. These
concentrations were considered to be too low to warrant further source work in Area 3.

Area 4

Phase II soil gas work centered on the area around the highest soil gas concentration detected
during the Phase I soil gas survey, which was 3,400 pg/L of TCA at location SG4-10. TCE and
PCE concentrations at SG4-10 were 180 and 14 pg/L, respectively. Phase II soil gas samples
were collected on centers of about 50 feet near Phase I location SG4-10, and on centers of 100 to
150 feet at greater distances from SG4-10. The Phase II results were consistent with those of
Phase I, with high soil gas concentrations of TCA, moderate concentrations of TCE, and low
concentrations of PCE. Figure 4-2 shows the results of both the Phase I and Phase II soil gas
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surveys; on this figure, Phases I and II soil gas results are contoured together because of the
consistency in results from the two surveys. Eight Phase II samples contained TCA at greater
than 100 ng/L, and five of these samples had concentrations greater than 1,000 ug/L (see Figure
4-2). The core of the high-concentration zone is near the northern end of the parking lot,
immediately south of the Swebco Manufacturing building. These soil gas results are consistent
with the results of groundwater sampling in the vicinity, which show an anomalous TCA
concentration in two wells located approximately 350 feet (MW130) and 1,000 feet (1713 Harrison
Avenue) west-northwest (downgradient) of the soil gas hits. In these groundwater samples and
in the soil gas samples, the ratio of TCE to TCA is particularly low, being well under 0.10. These
ratios contrast with the rest of the groundwater contaminant plume, and with the other soil gas
survey areas, and suggest a connection between the Area 4 TCA soil gas hits and the
downgradient groundwater TCA detections. Based on the Phase II Area 4 soil gas survey
results, further source screening work was performed during Phase II, consisting of drilling and
sampling soil borings, and installing a downgradient monitoring well (see subsections 4.5 and
4.8).

In much of the area west and northwest (downgradient) of the Swebco Mfg. parking lot, TCA
soil gas concentrations are in the range of 1 pg/L to 50 ng/L. Subsurface soil sampling in this
area (at MW130; see subsection 4.5) shows that TCA-contaminated soil was not present in at
least part of this area. The low-level TCA hits in this area are possibly a result of volatilization
off groundwater that is contaminated near the upper part of the saturated zone; at this level,
contaminants are relatively free to volatilize into the unsaturated zone, and travel from there to
the depth of soil gas sample collection (generally five feet). Groundwater sampling shows that
the shallow portion of the aquifer is contaminated in the vicinity, as MW130 had 1,000 ppb of
TCA in Phase II. The shallow unconsolidated deposits are primarily sand and gravel with some
silty sand around 5 feet. Depth to groundwater is about 23 feet. Volatilization of the target
chlorinated organic compounds from contaminated shallow groundwater likely accounts for the
low-concentration TCA hits located west and northwest of the source area at the Swebco Mfg.
parking lot.

A second area of elevated soil gas concentrations in Phase II was found at SG4-1. At SG4-1,
TCE, TCA, and PCE were present at 66, 33, and 22 ng/L, respectively. Though located
downgradient from the contaminant source area at Swebco Manufacturing, the concentrations at
SG4-1 appear to be a separate phenomenon. This is based on the fact that the ratios of TCE and
PCE to TCA are much higher than those for other soil gas samples in Area 4; as discussed in
subsections 4.5 and 4.8, contaminant ratios are useful in determining the relative contribution of
potential contaminant sources, as they show coherent results across the soil, soil gas, and
groundwater media. At this location, elevated soil gas concentrations are not expected to be a
result of volatilization off contaminated groundwater emanating from the source area at Swebco
Manufacturing, because soil gas samples collected closer to the Swebco source have lower
contaminant concentrations (especially for PCE and TCE); therefore, a local source appears likely
near SG4-1. The size and concentration of any potential contaminant source near Phase II
location SG4-1 appear to be relatively small, however, based on the lack of elevated TCE or PCE
concentrations at nearby soil gas sampling locations. In addition, the soil gas hit at SG4-1 does
not appear to influence downgradient groundwater, based on the contaminant ratios at the well
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in the northwestern corner of Figure 4-2. At this location, the contaminant ratios are
characteristic of those detected in the source area at Swebco Manufacturing. This suggests that
the Swebco source is the one that affects groundwater quality, while any source near SG4-1 has
only localized influence.

Area 5b

Soil gas work in Area 5b centered on an area that was suspect for two reasons: 1) elevated
contaminant concentrations in the Phase I groundwater sample from MW101B (12,000 ppb of
TCA), which was considerably higher than samples collected from wells upgradient or
downgradient; and 2) aerial photo evidence that shows tracks and areas of possible trenching
adjacent to the Northern Illinois Gas above-ground tank facility. Of the seven locations sampled
for soil gas, only SG5-4 had contaminant concentrations greater than 1 ng/L (with 6 pg/L of
TCA). A concentration of this magnitude could be a result of volatilization of TCA off
groundwater originating from Area 7 that is contaminated at shallow depths, or, alternatively,
could be due to volatilization from a source in Area 5b. Though an Area 5b contaminant source
is possible, such a source would not be large or of high concentration, because no nearby
locations had elevated contaminant concentrations in soil gas. Additional evidence against an
Area 5b contaminant source is based on Phase II groundwater sampling results, and is presented
in the source evaluation section (subsection 4.10).

Area 7

The investigation of a possible source in Area 7 was sparked by the elevated contaminant
concentrations in well MW106A. As noted in the Phase I Technical Memorandum (CDM, 1992),
a contaminant source was suspected nearby, based on the fact that elevated contaminant
concentrations were found only in the shallow well at MW106, while medium and deep wells
(MW106B and C) had very low contaminant concentrations. In addition, contaminants were not
found in well nests MW108 and 109, located roughly upgradient from MW106. Examination of
aerial photographs after Phase I revealed that the area upgradient (east) of MW106 had been the
site of various activities since the 1950's. In particular, the 1970 photo shows areas of excavation
and disturbed ground in two large areas (Areas 7a and 7b) centered at about 600 and 1300 feet
east of MW106 (see Figure 4-3). A third suspect area (Area 7c) consists of several small tributary
valleys passing from southeast to northeast of MW106 and as close as 200 feet east of the well
nest. In these valleys, debris and unvegetated spots are visible on the 1958, 1964, and 1970
photos. In addition, USEPA received a report of illegal dumping in the past in Area 7.

Based on these lines of evidence suggesting possible contaminant sources in Area 7, a site visit
was made by IEPA and USEPA personnel in March 1992. During this visit, surficial evidence of
waste disposal (municipal waste such as household appliances and glass, medical waste such as
syringes, and assorted rusted drums and paint cans) was discovered and a preliminary terrain
conductivity survey was performed. The conductivity survey indicated that buried metals were
present at the site. As a result, a more detailed investigation of Area 7 was performed in May
1992. This investigation consisted of a ground-penetrating radar survey conducted by USEPA's
Technical Support Section, Office of Superfund, Region 5, a terrain conductivity survey
conducted by CDM, and a soil gas survey conducted by Tracer Research Inc. and CDM. A 50-
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foot grid was laid out to cover Areas 7a, 7b, and 7c, and the investigation performed in May
1992 followed this grid. The ground-penetrating radar and terrain conductivity surveys showed
similar results, with anomalies present in the Y-shaped set of small valleys of Area 7c. The
anomalies range from 25 to 75 feet wide and extend from the south side of the tennis courts,
south and southeast toward to the southwestern and southeastern end of the surveyed area (at
the 0 north line; see Figure 4-9 in subsection 4.3); the full extent of the anomalous area was not
defined by the geophysical surveys.

Soil gas sampling in Area 7 was conducted in two episodes: in May 1992, and in February 1993.
The major portion of the work was conducted in May 1992; at this time, 78 soil gas samples were
collected across the 50-foot grid across the three suspect areas east of MW106. An extensive area
of elevated concentrations of the target compounds was found in soil gas samples collected from
Area 7c. As a result, an additional 15 samples were collected in February 1993, to better define
the western, northwestern, and southwestern extent of contaminants in soil gas in Area 7c. The
north end of Area 7 was not fully characterized by the soil gas effort in Phase II.

The soil gas sampling in Area 7 showed the largest area of soil gas contamination delineated in
the RI, as well as some of the highest contaminants detected. In general, the area of soil gas
contamination followed the geophysical anomalies defined by the terrain conductivity and
ground-penetrating radar surveys: no significant soil gas or geophysical anomalies were
detectedin the two larger suspect areas east of MW106 (Areas 7a and 7b), but extensive
anomalies were detected in each survey in the small valleys closer to MW106 (Area 7c).
However, soil gas results differed from the geophysical surveys in two respects: 1) only small
soil gas anomalies were detected in the eastern valley of Area 7c located near grid point 200 N,
350 E (see Figure 4-4, which shows the total of TCE, PCE and TCA), while geophysical anomalies
were large in this area; and 2) the soil gas anomalies are generally approximately 200 feet wide,
considerably wider than the geophysical anomalies, which are generally only about 50 feet wide.

Of the three target compounds (TCA, TCE, and PCE), TCA was generally the most abundant
compound detected in Area 7c soil gas samples; this pattern was repeated in the subsurface soil
sampling results (see subsection 4.5). As shown in Figure 4-5, in soil gas TCA was detected at
elevated concentrations from numerous locations in Area 7c, ranging up to 3,800 ug/L. The
highest concentrations were found in a roughly north-south band along the western and
northern small valleys. A continuous band of TCA soil gas concentrations greater than 100 pg/L
is approximately 200 feet wide and extends about 800 feet from north to south; the total extent of
the area with anomalous (greater than 1 ng/L) TCA soil gas concentrations is on the order of 300
by 1,100 feet, though the northern and northwestern perimeter were not completely defined.

The Area 7c TCA results clearly indicate that, of the potential source areas surveyed for soil gas
contaminants in the RI, Area 7c has the most extensive area with elevated concentrations of the
target compounds. Based on these results, Area 7c was selected for further investigation as a
potential source; the additional work consisted of test-pit excavation (see subsection 4.3), surface
and subsurface soil sampling (see subsections 4.4 and 4.5), and monitoring well installation.

The two suspect areas in Area 7 located east of MW106 (Areas 7a and 7b) showed relatively low
contaminant concentrations in soil gas. For Area 7a, the highest soil gas TCA concentration was
1 pg/L; in Area 7b the highest TCA concentration was 4 pg/L. Two samples located between
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Section 4
Results of Contaminant Investigation

Area 7b and the northern part of Area 7c had considerably higher contaminant concentrations,
with 390 and 210 pg/L of TCA. These results clearly show that Areas 7a and 7b are not
significant contaminant sources; further source screening work was not performed in these areas.

PCE was the second-most abundant contaminant in most soil gas samples collected from Area 7,
and ranged up to 1,100 ng/L. The distribution of PCE in soil gas in Area 7 closely followed that
of TCA (compare Figure 4-6 with Figure 4-5). This is illustrated by the fact that across the
majority of Area 7c, the ratio of PCE to TCA is mainly in the range of 0.05 to 0.35. The
exception to this pattern is in the southern portion of Area 7c, where PCE to TCA ratios are in
the range of about 1.0 to 3.0. In Area 7a, the highest PCE concentration in soil gas was 1 ng/L.
In Area 7b, the highest PCE soil gas concentration was 2 pg/L. However, samples with higher
PCE concentrations in soil gas were just southeast (8 pg/L) and west (98 and 16 pg/L) of Area
7b. As with TCA, the latter two samples were from between Areas 7b and 7c.

TCE was the least abundant of the three target compounds analyzed for in the soil gas survey
for Area 7, and was detected at concentrations ranging up to 690 ug/L (see Figure 4-7). The
distribution of TCE closely followed that of both TCA and PCE, with the most abundant
contamination occurring in the small valleys of Area 7c. This is illustrated by the fact that the
ratio of TCE to TCA in soil gas samples in Area 7c was relatively constant, ranging from 0.1 to
0.3; the exception to this pattern is in the samples near the tennis and basketball courts,
wherethis ratio ranges from 0.005 to 0.07. This localized pattern of low TCE concentrations
relative to TCA is paralleled by the groundwater contamination patterns (discussed in subsection
4.8): at MW106A just downgradient from the basketball courts, the TCE to TCA ratio is less than
0.04 (TCE was not detected at MW106A), while nearly all other wells in the same contaminant
plume have TCE to TCA ratios ranging from 0.15 to 0.45. This concordance lends further
credibility to the soil gas sampling results, and to the idea of using contaminant ratios in
determining potential sources for contaminants in the groundwater.

Similar to the patterns of TCA and PCE in soil gas samples from Areas 7a and 7b, no elevated
TCE concentrations were found in either area; the only significant sample results were found
from two samples between Areas 7b and 7c, where TCA was detected at 26 and 1 ng/L.

Area 9

Soil gas work in Area 9 centered on an area near a low-concentration Phase I soil gas hit in
potential source Area 3 (at SG3-1), and upgradient of a groundwater hit in ISWS well MW46 (302
ppb of TCA, 99 ppb of PCE, and 93 ppb of TCE in March 1992). Two of the six Phase II soil gas
samples collected from Area 9 contained target compound concentrations greater than 1 pg/L.
Samples SG9-4 and 9-5 contained elevated concentrations of the three target compounds in
roughly similar proportions: in SG9-4, TCA, PCE, and TCE were detected at 120, 120, and 91
ug/L, respectively, while SG9-5 contained 18, 24, and 7 ug/L, respectively, of the same
compounds. These results are also concordant with Phase I soil gas sample SG3-1. Owing to
difficulty of access and lack of access to properties located east of location SG9-4, soil gas
concentrations were not closed off to the east; it is possible that soil gas contaminant
concentrations are higher to the east, and that a potential source area may lie to the east. Based
on the elevated contaminant concentrations in Phase II soil gas samples, Area 9 was retained for
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Section 4
Resuits of Contaminant Investigation

further source screening in Phase II. The additional work consisted of subsurface soil sampling
near location SG9-4 and downgradient monitoring well installation (MW125 and MW126 nest).

Area 10

Soil gas work in Area 10 centered on two areas roughly upgradient of ISWS well MW20.
Though located in the main portion of the contaminant plume, in the past MW20 has shown
higher contaminant concentrations (426 ppb of 1,1-DCA in March 1992) and different
contaminant ratios than observed in wells upgradient. Two soil gas samples in Area 10 had
contaminant concentrations above 1 pg/L: SG10-11 had 3 ng/L of TCA, and SG10-14 had 2 pg/L
of TCA. TCE and PCE were not detected at concentrations above 1 pg/L in any samples from
Area 10. The elevated contaminant concentrations in soil gas samples from the portion of Area
10 that was investigated, are not either high enough or clustered together in a way consistent
with the idea of a nearby contaminant source. However, as discussed in subsection 4.10, a
contaminant source is still possible in another portion of Area 10, along Harrison Avenue on the
block east of Ninth Street (a portion of Area 10 where access was not acquired). In addition, the
existence of elevated TCA at location SG10-14 may suggest a contaminant source located west of
Ninth Street (in Area 9, west of Area 10), a short distance north of Harrison Avenue. As noted
in the above discussion on Area 9, this portion of Area 9 was another area not accessible for soil
gas work.

Area 11

Soil gas work in Area 11 centered on an industrial site where oils and chlorinated organic
compounds have been reported from subsurface soil samples. An on-site monitoring well had
1,150 ppb TCA and 302 ppb TCE in a sample collected in November 1991. In addition, Area 11
is roughly upgradient of well MW20. As noted above under Area 10, MW20 has higher
contaminant concentrations and different contaminant ratios than in wells upgradient, suggesting
a possible contaminant source nearby, such as in Areas 10 or 11. Only one of the five soil gas
samples collected from Area 11 contained a target compound at a concentration of 1 ng/L or
greater: SG11-5 had 1 ug/L of PCE. The full significance of this detection is not known, because
it was the southwestern-most sample collected. It is possible that PCE may be present at higher
concentrations to the west or south from location SG11-5. However, any such PCE
concentrations do not appear to significantly affect downgradient groundwater, because wells
MW20 and MW127 (located roughly downgradient) do not contain elevated concentrations of
this contaminant.

The soil gas work in Area 11 comprised sampling from only the southwestern portion of Area
11. At the time of the soil gas survey, access was not yet acquired for the northern and eastern
parts of Area 11, including the area of the on-site monitoring well noted above. As a result,
Area 11 was retained for further screening as a potential source area. Additional work
performed in Phase II consisted of subsurface soil sampling and monitoring well installation.
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Area 12

Soil gas work in Area 12 centered on the area around an extensive above-ground tank farm,
which includes tanks containing chlorinated solvents. Area 12 is also suspected because wells
roughly downgradient (Unit Well 7, ISWS wells MW1, 2, and 5) have shown high contaminant
concentrations in groundwater (generally 50 to 500 ppb of TCE in 1988). Ten of the 11 soil gas
samples collected in Area 12 contained concentrations of the target compounds of greater than 1
pg/L. The results of soil gas sampling are shown in Figure 4-8. The sample 5G12-10 had the
highest concentrations of any soil gas samples collected in Phase I or Phase II of the RI.
Contaminant concentrations at this location were 22,000 ng/L for TCA, 11,000 pg/L for TCE, and
3,500 pg/L for PCE. Away from sample SG12-10, however, soil gas contaminant concentrations
decline rapidly, with no other sample attaining a concentration as high as 10% of those reported
from SG12-10.

As in other areas (Areas 4, 7, and 13), soil gas contaminant concentrations in the general range of
100 to 1,000 pg/L appear to be characteristic of areas where a target contaminant source is
present in the subsurface, but at some distance (about 50 feet or more) away. Soil gas
contaminant concentrations exceeding about 1,000 pg/L typically indicate areas where high
levels of contaminants are present a short distance below or adjacent to the soil gas sampling
location, based on subsurface soil sampling (see subsection 4.5). The soil gas concentration
patterns in Area 12 suggest that a subsurface contaminant source is present in Area 12, and that
it may have a limited areal distribution. Based on the soil gas survey results, Area 12 was
retained for further screening as a potential source area. The additional work conducted in
Phase II consisted of monitoring well installation and subsurface soil sampling.

Area 13

Soil gas work in Area 13 centered on an area with known contamination of the target
compounds in subsurface soils. Based on an IEPA investigation performed in 1988, the area
with part per thousand level VOC contamination in the subsurface soils is primarily beneath the
former Acme Solvents building. The purpose of the soil gas sampling in Phase II was to
determine whether the contaminant source area extends beyond the approximate extent of the
former Acme Solvents building. All four soil gas samples collected from Area 13 contained
concentrations of at least one target compound (TCA) of greater than 1 pg/L (see Figure 4-8).
The highest concentrations were found in samples SG13-1 and 13-2, where TCA was detected at
810 and 350 nug/L, respectively. PCE and TCE were detected at considerably lower
concentrations at all locations. Locations SG13-1 and 13-2 are located nearest the area of known
subsurface contamination (30 to 40 feet from the building); the moderate contaminant
concentrations at these locations (between 100 and 1,000 pg/L) suggest that the subsurface
contaminant source does not extend nearly that far east from the building. Samples SG13-3 and
13-4 are located about 120 to 150 feet west of the building, and each has TCA concentrations of 2
pg/L. The shallow unconsolidated deposits in this area are primarily sand and gravel. Depth to
groundwater is approximately 30 feet. A possible explanation for the low-level concentrations of
samples SG13-3 and 13-4 is volatilization of contaminants upward from groundwater that is
contaminated near the water table; these relatively low concentratiions also appear to indicate
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Section 4
Results of Contaminant Investigation

that the contaminant source beneath the Acme Solvents building does not extend more than a
short distance west of the building. Additional source screening was not performed during
Phase II in Area 13.

Area 14

The soil gas survey in Area 14 centered on three potential source areas: 1) a former chip pit
location, where waste metal trimmings were stored and where underlying soils contained high
concentrations of the target compounds (150 ppm of TCA, 111 ppm of PCE, and 75 ppm of TCE)
and other chlorinated organics; 2) a field east of the facility where aerial photos show potential
disposal from 1958 to 1961; and 3) an area north of the chip pit and adjacent to railroad tracks
where disposal may have occurred. The soil gas survey was completed after the removal of
contaminated soils from the chip pit, which apparently occurred in late 1987 or in 1988.

Of the three suspect areas, no significant soil gas concentrations (i.e., greater than 1 pg/L) of
target compounds were detected in the second or third area listed above. Near the chip pit,
however, TCA, TCE, and PCE were each detected at concentrations greater than 1 pg/L at eight,
three, and two sampling locations, respectively. These locations are all east and south of the
chip pit, and most are within about 75 feet of the chip pit. The highest concentrations of TCA
were 16 and 13 pg/L, at locations SG14-52 and 14-51, respectively. The other five anomalous
TCA sample results ranged from 2 to 7 ug/L. The anomalous TCE concentrations ranged from 2
to 4 png/L, and the anomalous PCE concentrations were both at 1 pg/L. Owing to the relatively
high number of samples with contaminant concentrations above 1 pg/L and based on the high
historical contaminant concentrations in soils, additional source screening work was conducted in
Area 14. The additional work consisted of subsurface soil sampling and monitoring well
installation.

4.3 Results of Test Pit Sampling

Test pit excavation and sampling was conducted in Area 7 to characterize the anomalies found
during the soil gas and geophysical surveys. Test pit excavation was performed in place of
subsurface borings because it would allow better visualization of subsurface metallic objects
whose presence was suggested by geophysical surveys. Exposure of this material could give
evidence as to the origin of any disposed material (labels, drums, containers, etc.) that might be
present in the area. Test pit excavation and the accompanying soil and air sampling was
conducted in Area 7 from June 15 through June 17, 1993 using the methods discussed in
subsection 2.4. Test pit locations are shown in Figure 4-9. Test pit 1 (TP-1), the southern
excavation, was located in an area of geophysical anomalies but no soil gas anomalies. Test pit 2
(TP-2), the northern excavation, was located in order to characterize an area with both
geophysical and soil gas anomalies. Test pit dimensions measured 10 feet by 10 feet by 15 feet.
The excavations revealed the presence of glass bottles, metal cans, other metal objects, and
miscellaneous trash. The subsurface soil material in TP-1 consisted of moist brown silt and sand;
in TP-2 the subsurface material consisted of both brown sand and moist, gray-stained,
odoriferous sand.
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To screen for the presence of hydrogen cyanide, hydrogen sulfide, and VOCs, soil borings were
advanced at the test pit locations prior to the excavation. A total of eight soil borings were
advanced, four at each excavation area at the perimeter of the test pits. Split-spoon samples
were collected every two feet until a total depth of 15 feet was reached. The samples were
screened for hydrogen cyanide, hydrogen sulfide, and organic vapors, and the results are
presented in Table 2-2. While high levels of organic vapors were detected in test pit 2 (up to 220
ppm in soil borings 1 and 2), there were no organic vapor readings exceeding 3 ppm for test pit
1. No hydrogen sulfide or hydrogen cyanide vapors were detected in the soil borings
surrounding either test pit 1 or test pit 2.

4.3.1 Results of Test Pit Soil Sampling in Area 7

Soil samples were collected from the walls and bottoms of the test pits, and selected by visual,
odor, and organic vapor analysis screening. Soil samples were analyzed for high-concentration
Target Compound List (TCL) organics, high-concentration Total Analytes List (TAL) inorganics,
and Toxicity Characteristic Leaching Procedure (TCLP) organic and inorganic parameters. The
full results for test pit soil samples are presented in Appendix H-1.

Four high-concentration TCL and TAL soil samples were collected from each test pit (one
duplicate was collected from test pit 2). Methylene chloride and PCE were the only compounds
detected in test pit 1. The following contaminants were detected in test pit 2: methylene
chloride, acetone, 1,2-DCE (total), TCA, TCE, PCE, and xylene. All methylene chloride and
acetone detections were qualified as "B", indicating that the compounds were detected in the
blank. The quantity detected ranged up to 10 ppm for methylene chloride and 6 ppm for
acetone, indicating that the result may be due to laboratory contamination. Methylene chloride
and acetone contamination will therefore not be discussed further. TP1-5S3 was the only soil
sample from test pit 1 to indicate contamination. The sample was collected 2 feet west of the pit
center at an approximate depth of 4 feet, where PCE was the only compound detected, at 0.5

Samples from test pit 2 indicated greater contamination by VOCs. Sample TP2-SS3, collected 2
feet south of the pit center and at a depth of approximately 6 feet, contained 22 ppm PCE, 4
ppm TCA, and 3 ppm TCE. PCE, 1,2-DCE(total), TCA, and xylene were detected in one or two
additional test pit 2 samples, at concentrations ranging from 1 to 3 ppm in TP2-554, TP2-SS5, or
TP2-5S6.

The only semivolatile compound detected in the TCL soil samples was bis(2-ethylhexyl)phthalate
at 2 ppm in TP2-S53. This compound is a common plasticizer and a common laboratory and
sampling contaminant.

In the high-concentration TAL soil samples, inorganic analytes were detected at concentrations
above national averages in test pit 2, but not in test pit 1 (see Shacklette & Boerngen, 1984).
Copper, iron, lead, mercury, nickel, vanadium, and zinc were detected at concentrations above
these averages in samples from test pit 2. These elevated concentrations were detected in the
duplicate sample (D) of TP2-SS3 (none of the substances in the original sample exceeded national
averages), TP2-S54, and TP2-SS6. TP2-SS3(D) was the only sample in which mercury was
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detected, at 1.3 ppm. Sample TP2-S54, collected at the pit center at an approximate depth of 10
feet, indicated copper contamination at 734 ppm, and zinc contamination at 711 ppm. TP2-SS6,
collected on the east pit wall at an approximate depth of 7 feet, had the highest detected
concentrations of iron, at 49,100 ppm, lead at 507 ppm, and zinc at 1,020 ppm. This was also the
only sample where vanadium and iron were detected at concentrations above the national
average.

TCLP organic analysis for selected volatile and semivolatile compounds was performed only for
two samples per test pit (and a duplicate sample from test pit 2). TCLP analysis was performed
in order to assess the potential for contaminants to migrate away from source soils. The analysis
is designed to determine whether or not a sample (solid waste) exhibits the characteristic of
toxicity. Certain contaminants have a set regulatory level which, if exceeded, indicates that a
solid waste is toxic. Methylene chloride was detected in all samples, at concentrations ranging
from 55 to 70 ppb. TCA was detected in TP2-S5S1 (collected 5 feet east of the pit center at an
approximate depth of 15 feet), and in its duplicate at 1,300 and 960 ppb. TCE was detected in
the test pit 2 samples, at 1,100 ppb in TP2-SS1 (and 940 ppb for its duplicate), and at 44 ppb in
TP2-5S2, collected at pit center at an approximate depth of 10 feet. PCE was detected at 3,200
ppb in TP2-SS1 (and 3,100 ppb for its duplicate), and at 340 ppb in TP2-S52. Toluene was
detected in TP2-SS1 and its duplicate at 260 and 230 ppb. This was also the only compound
(besides methylene chloride) to be detected in test pit 1, at 24 and 32 ppb in samples TP1-S51,
and TP1-SS2. TP1-SS1 was collected 2 feet west of the pit center at an approximate depth of 4
feet, and TP1-S52 was collected in the pit center at an approximate depth of 9 feet. The only
semivolatile compound detected in TCLP analysis was 1,2-dichlorobenzene, detected in TP2-SS1
and its duplicate at 56 and 65 ppb. Sources of TCA, TCE, and PCE have already been discussed.
Toluene is a commonly used industrial solvent for paints, coatings, resins, and rubber
compounds. Methylene chloride is used to clean, degrease, and dry metal parts. It is also used
as a paint and varnish remover.

TCLP inorganic analysis yielded primarily non-detects, except for barium and chromium. Barium
was detected in every compound at concentrations ranging from 264 to 974 ppb, but all qualified
with a "B", indicating blank contamination. Chromium was detected in TP1-SS2 at 92.9 ppb, also
qualified with "B".

Of the compounds detected in TCLP analysis, methylene chloride, TCA, toluene, and 1,2-
dichlorobenzene do not have TCLP regulatory levels. Barium and chromium each have a
regulatory level of 5 ppm (5,000 ppb), which was not exceeded by any test pit sample. The
regulatory level for TCE is 0.5 ppm (500 ppb). One sample collected from test pit 2 (TP2-SS1 and
its duplicate) exceeded this value at 1,100 ppb (940 ppb for the duplicate). The regulatory level
for PCE is 0.7 ppm (700 ppb). The same sample collected from test pit 2 exceeded this value at
3,200 ppb (3,100 ppb for the duplicate).

4.3.2 Results of Test Pit Air Sampling in Area 7

Ambient air samples in the breathing zone were collected during the test pit excavation in order
to provide information relating to health risks under a future construction scenario. The full
results for test pit air samples are presented in Appendix H-2. Real-time monitoring was also
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conducted with an OVA to indicate current VOC concentrations during the excavation. This
monitoring was performed primarily to ensure the safety of on-site personnel and safety of
nearby residents.

Eleven air samples were collected from each test pit, including one duplicate sample, one blank,
and one collected as the second sample in a series of two tubes, at each pit. These sampling
locations are detailed in Figure 4-10. Three of the samples were collected upwind of the
excavation (at three locations), and seven samples were collected downwind (at five locations)
using Tenax tubes connected to a personal sampling pump. Three samples were spiked at the
laboratory for certain compounds; therefore, quantitative analytical results for these compounds
in these samples are not as reliable as those for unspiked samples. One of these samples was the
field blank for test pit 1. Methylene chloride was detected in three test pit 2 samples (plus the
laboratory blank), in concentrations ranging from 8 to 79 nanograms of compound per total mass
of Tenax in tube (ng/OC). Acetone was detected in six test pit 2 samples, at concentrations
ranging from 27 to 49 ng/OC. All methylene chloride and acetone results were qualified with a
"B", indicating blank contamination may be the cause. Methylene chloride and acetone
contamination will therefore not be discussed further.

The field blank associated with test pit 1 was spiked by the laboratory with undocumented
quantities of the spike compounds. Based on their reported spike recoveries (ranging from 80 to
123 percent) it is likely that the field blank was fairly clean before spiking, however there is no
way to know this. Therefore, the field blank for test pit 1 is considered unusable. The three
upwind samples for test pit 1 contained only TCA, carbon tetrachloride, benzene, PCE, 1,1,2,2-
tetrachloroethane, and toluene (in one, two, or all three samples) at concentrations no higher
than 12 ng/OC, with the exception of 1,1,2,2,-tetrachloroethane detected in TP1-108-U1 at 25
ng/OC and toluene detected in TP1-408-U3 at 44 ng/OC (see Figure 4-10 for locations).

The downwind samples from test pit 1 were found to contain 1,2-DCE (total), TCA, carbon
tetrachloride, TCE, benzene, PCE, toluene, ethylbenzene, and xylene (total). In general, these
compounds were not detected at significantly higher concentrations than those detected in the
upwind samples, with the exception of sample TP1-120-03, to be discussed below. The
compounds 1,1-DCA, 1,2-DCA, 1,1,2-TCA, 4-methyl-2-pentanone, and PCE were also detected in
TP1-193-01(2) (collected 20 feet south of the test pit), but they had been spiked to the sample,
and were detected at concentrations ranging from 98 to 120 ng/OC, not significantly higher than
the amount spiked on the sample, 100 ng/OC.

Downwind sample TP1-193-01(2) was collected in series with TP1-179-01(1). Most compounds
detected in TP1-193-01(2) were detected at 110 and 120 ng/OC, not significantly higher than the
added spike. Carbon tetrachloride, which was not added as a spike, was detected in TP-193-01(2)
at 4 ng/OC. The only compounds detected in TP1-179-01(1) were TCE, benzene, toluene, and
ethylbenzene, at concentrations less than 20 ng/OC. Due to the spiking of TP1-193-01(2),
calculation of the percent breakthrough was not possible.

Downwind sample TP1-150-02 (and its duplicate), TP1-125-04, and TP1-409-05 were
contaminated at various degrees with the compounds listed above at concentrations below 15
ng/OC. TP1-120-03, collected southeast of the test pit, indicated contamination with 1,2-DCE
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(total) (30 ng/OC), TCA (97 ng/0OC), TCE (41 ng/OC), benzene (15 ng/OC), PCE (30 ng/OC),
toluene (19 ng/OC), and ethylbenzene (3 ng/0OC).

The three samples collected upwind of test pit 2 had 1,2-DCE (total), 2-butanone, TCA, carbon
tetrachloride, TCE, benzene, PCE, toluene, ethylbenzene. The compounds 1,2-DCE (total) and
ethylbenzene were detected only in one sample, TP2-182-Ul, at 3 ng/OC. This sample was
collected in the worksite exclusion zone, approximately 20 feet from the east wall of the pit. TP2-
182-U1 also had TCE at 11 ng/OC, 57 ng/OC TCA, and 35 ng/OC PCE (but qualified as "B").
The PCE detection is considered valid as it is greater than 5 times the laboratory blank
concentration of 6 ppb. Detections of the other compounds in the other two samples were lower,
with none exceeding 21 ng/OC. These samples were collected approximately 50 feet northeast
and southeast from TP2-182-Ul. Compounds detected at some concentration in all three upwind
samples were TCA, carbon tetrachloride, benzene, and toluene.

Contamination was detected in all six samples collected downwind of test pit 2 (plus one
duplicate). The same compounds detected in the upwind samples were detected in the
downwind samples, with the addition of 1,1-DCE, 1,1-DCA, and xylene (total). In general,
compounds downwind of the test pit were detected at higher concentrations than in the samples
upwind of the test pit. However, 2-butanone, carbon tetrachloride, benzene were detected at
approximately the same concentrations downwind as upwind. The compounds 1,2-DCA, 1,1,2-
TCA, 4-methyl-2-pentanone, and PCE were also detected in TP2-103-05, but they had been
spiked to the sample, and were detected at concentrations ranging from 86 to 110 ng/OC, not
significantly higher than the amount spiked on the sample, 100 ng/OC.

Downwind samples TP2-199-01(1) and TP2-70-01(2) were collected in series for the purpose of
determining if excessive contaminant concentration would result in saturation and breakthrough
of the sample tubes. The samples were collected approximately 20 feet from the western edge of
test pit 2. TP2-70-01(2) was the sampling tube where the sample would first be adsorbed, and
therefore would be expected to represent the truest sample concentration. In this sample, high
concentrations of PCE (2100 ng/OC, qualified "B"), TCA (2000 ng/OC), TCE (840 ng/0OC), 1,2-
DCE (total) (290 ng/OC), and xylene (210 ng/OC, qualified "B") were detected. Other
compounds detected include toluene (53 ng/OC, qualified "B"), ethylbenzene (39 ng/OC), and
benzene, 1,1-DCA, and 1,1-DCE (all detected at less than 20 ng/OC). The concentrations
reported in the second tube in the series, TP2-199-01(1) tended to be approximately one-quarter
of those reported for TP2-70-01(2). Backup cartridges should contain less than 20% of the
concentrations detected in the front cartridge according to EPA Method TO-1, so the quantitation
of these samples is likely biased low due to breakthrough of the contaminants.

Downwind sample TP2-178-02 and its duplicate, TP2-403-02, also contained high concentrations
of PCE (2500 and 2600 ng/OC, qualified "B"), TCA (2400 and 2300 ng/OC), TCE (1100 and 1200
ng/0OC), 1,2-DCE (total) (380 and 390 ng/OC), and xylene (total) (260 and 270 ng/OC, qualified
"B"). Other compounds detected include toluene (97 and 1000 ng/OC, qualified with "B"; the
reason for the discrepancy in values is unknown), ethylbenzene (47 and 48 ng/OC), 1,1-DCA (26
ng/OC in both samples), and 1,1-DCE , carbon tetrachloride, and benzene (all detected at less
than 20 ng/OC). These samples were collected northwest of TP2-199-01(1) and TP2-70-01(2).
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Downwind samples TP2-151-03, and TP2-400-04, collected southwest of the test pit, did not have
any compounds detected at greater than 50 ng/OC, with the exception of toluene, detected at 51
and 520 ng/OC, respectively, and qualified with "B". TCA was detected in these samples at 47
and 31 ng/OC respectively; all other compounds were detected at values less than 20 ng/OC.
Sample TP2-103-05, collected approximately 75 feet north of TP2-199-01(1) and TP2-70-01(2), was
spiked by the lab, so accurate sample quantitation is not possible for all compounds. However,
PCE and TCA were reported at concentrations of 900 and 800 ng/OC respectively, significantly
higher than the 100 ng/OC spike, so their presence in the investigative sample can be assumed.
Similarly, TCE (330 ng/OC), xylene (260 ng/OC, qualified "B"), 1,2-DCE (total) (190 ng/OC), and
toluene (180 ng/OC) were all detected at concentrations at least 20% greater than the amount
spiked, indicating their likely presence in the investigative sample.

4.3.3 Summary of Test Pit Soil and Air Sampling Results

Test pit 1 soils/wastes contained relatively low concentrations of the contaminants of concern. It
is important to note that due to the expected nature of the samples, they were analysed by high
concentration methods with detection limits of 2.5 parts per million (ppm). It is possible that
contaminants of concern are present below the ppm levels. PCE contamination at 0.5 ppm was
detected in one sample. TCLP analysis for volatiles indicated contamination with toluene at
concentrations up to 32 ppb. No semivolatile contamination was detected, and no inorganic
analytes were detected at concentrations above national averages for near-surface soils.

The upwind air samples from test pit 1 showed relatively low contaminant concentrations,
except for single detections of toluene at 44 ng/OC and 1,1,2,2-tetrachloroethane at 25 ng/OC.
Only one downwind air sample from test pit 1, TP1-120-03, displayed levels of contaminants
above 20 ng/OC. This sample was contaminated with 1,2-DCE (total), TCA, TCE, and PCE at
concentrations ranging from 30 to 97 ng/OC. These results are consistent with the relatively low
contaminant concentrations present in test pit 1 soils.

Test pit 2 soils exhibited considerably higher contamination with VOCs, with PCE present at up
to 22 ppm and TCA up to 4 ppm. TCLP analysis for volatiles indicated contamination with TCA,
PCE, and toluene. The only semivolatile contaminant detected was a single detection of bis(2-
ethylhexyl)phthalate at 2 ppm. Inorganic analytes including mercury and various heavy metals
were detected at concentrations above national averages for soils.

The upwind air samples from test pit 2 contained relatively low contaminant concentrations,
except for the detection of 57 ng/OC TCA and 35 ng/OC PCE in TP2-182-Ul. As might be
expected based on test pit soil samples, considerably higher contaminant concentrations were
detected in the downwind samples; PCE, TCA, and TCE were detected in three of these samples
(including one duplicate) at concentrations exceeding 1000 ng/OC.

These results are consistent with what was suspected in the area of the test pits, based on the
fact that elevated soil gas results were noted for the northern test pit (TP2) and not for the
southern (TP1; see subsection 4.2 for soil gas results). The results are also consistent with the
results of subsurface soil sampling (see subsection 4.5), which show the presence of TCA, PCE,
TCE, 1,2-DCE(total), and xylene at ppm-level concentrations in the area surrounding the test pits.
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Test pit air samples were converted from ng/OC to parts per billions per volume (ppbv) in order
to facilitate comparison with occupational health standards, including the American Conference
of Governmental Industrial Hygienists (ACGIH) Threshold Limit Values (TLVs), the National
Institute for Occupational Safety and Health (NIOSH) Recommended Exposure Limits (RELs),
and the Occupational Safety and Heath Administration (OSHA) Permissible Exposure Limits
(PELs). Sample results in ppbv are provided in Appendix I. The equations and conversion
calculations are provided in Appendix H-2b. As seen in Table I-2, occupational standards for the
compounds detected are in the ppm range, with the exception of benzene which has an REL of
100 ppb. There were no air samples at either test pit in which compounds were detected at a
concentration above a standard value. Two compounds, methylene chloride and PCE, do not
have numerical RELs; rather, NIOSH recommends trying to attain the lowest level possible.
However, the PELs and TLVs for these compounds were not exceeded. None of the test pit air
samples, which could be used to estimate occupational exposure during a construction/
excavation scenario, exceeded occupational standards.

4.4 Results of Surface Soil Sampling

Surface soil samples were collected in order to determine if surface soil contamination was
present and likely to impact human health. Surface soil sampling was conducted in Areas 4 and
7 on September 22, 1993 using the methods discussed in subsection 2.6. Samples were collected
in areas that were most likely to have surface contamination based on previous subsurface
sampling results. The sampling locations were also chosen because they were in or near
residential areas, or areas where human contact with the soil was more likely.

As described in subsection 2.6, surface soil samples were collected by cutting a grass plug from
the sampling area with a garden trowel, collecting the soil underneath at an approximate depth
interval of 6 inches to 1 foot, and replacing the plug. Samples were analyzed for Target
Compound List (TCL) Organics and Target Analyte List (TAL) Inorganics. The full results for
surface soil samples are presented in Appendix H-3. Surface soil samples are named with an
"SS" prefix followed by a location number. In Area 7, these locations are the same as the soil
boring (SB) locations and the MW134C well location. Thus sample S57-1 and S5134C were
collected at the SB7-1 and MW134C locations. In Area 4, the surface soil samples are taken at
different locations from the soil borings. One sample was collected about 50 feet west of the soil
borings; the other sample was collected about 100 feet southwest of the borings, on the northeast
corner of Alton and Marshall Streets.

Area 7

Seven surface soil samples (plus one duplicate) were collected in Area 7. Sampling in Area 7
indicated VOC contamination with methylene chloride, acetone, 1,1-DCA, 1,2-DCE(total), 1,2-
DCA, TCA, TCE, PCE, toluene, and xylene.

Methylene chloride was detected in all Area 7 samples, and acetone was detected in all but two
samples. The highest concentrations, 33 ppb and 62 ppb respectively, were exhibited in S57-10.
Methylene chloride and acetone are both common laboratory contaminants, so their detection in
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the samples at these levels could indicate laboratory contamination rather than true sample
contamination.

Sample SS7-1, collected from the northwestern corner of the basketball court, exhibited no other
VOC contamination besides the methylene chloride and acetone. Samples SS7-2, SS7-3, and SS7-
23 each exhibited contamination with the above-mentioned compounds, but at levels below 10
ppb (except for methylene chloride and acetone). SS7-21, approximately 75 feet south of the
basketball court, exhibited notable PCE contamination (75 ppb), along with 4 ppb TCE. PCE was
also detected at 21 ppb in SS134C, approximately 150 feet west of the playground, along with 14
ppb toluene, and 1,2-DCA, TCA, and xylene at values at or below 10 ppb. Sample SS7-10,
collected approximately 300 feet south of the basketball courts, exhibited the most contamination.
VOCs detected in this sample were 220 ppb 1,2-DCE (total), 40 ppb TCA, 140 ppb TCE, and 400
ppb PCE, as well as 1,1-DCA and toluene at or below 8 ppb. The higher VOC results from S57-
10 are consistent with the results of subsurface soil sampling at SB7-10, which showed that high
contaminant concentrations are present at a shallow depth (five feet); in other borings the high-
contamination interval begins at about 10 to 15 feet.

Bis(2-ethylhexyl)phthalate was detected in all samples, with the highest concentration being 570
ppb in SS7-10. Other semivolatile compounds were detected in S57-10 and SS7-23. Isophorone
and benzo(a)pyrene were detected in $57-10 at 150 and 170 ppb respectively. Fluoranthene and
pyrene were detected at 42 and 37 ppb in S57-23, located approximately 150 feet south of the
southeastern corner of the basketball court. As noted above, bis(2-ethylhexyl)phthalate is a
plasticizer and is used in vacuum pumps. Though low environmental concentrations of bis(2-
ethylhexyl)phthalate are commonly the result of laboratory or sampling contamination, these
concentrations are likely to exist in the soils; the presence of bis(2-ethylhexyl)phthalate in surface
soils may be due to the presence of plastic in the disposed wastes in Area 7. Isophorone has a
wide range of uses, including as a solvent for paints, vinyl resins, tin coatings, agricultural
chemicals, and cellulose esters; in storing lacquers; and in pesticide manufacturing.
Benzo(a)pyrene, fluoranthene, and pyrene are polycyclic aromatic hydrocarbons (PAHs), a group
of compounds which are present in small amounts in petroleum products and coal. Release of
these compounds to the environment occurs largely as air emissions through the incomplete
combustion of petroleum products and wood; lesser amounts are released to the land through
disposal of used oils.

A number of pesticides were detected in Area 7 surface soil samples. Compounds detected in
$S7-10 included dieldrin, 4,4'-DDE, and endosulfan II at concentrations at or below 15 ppb, along
with 35 ppb 4,4-DDT, 33 ppb endrin aldehyde, 20 ppb gamma chlordane, and 450 ppb of the
PCB Arochlor-1260. Dieldrin was detected in SS7-2 and SS7-21 at 36 and 23 ppb. 4,4-DDT was
detected in SS7-23 at 12 ppb. Endrin aldehyde was detected in three samples below 10 ppb. 4,4'-
DDT was also detected in low concentrations in S57-2. The presence of pesticides is likely due
to agricultural activities in the area.

Inorganics analysis in Area 7 indicated slight exceedances of national averages for beryllium and
thallium in selected samples (Shacklette & Boerngen, 1984). High lead values (151 to 180 ppm)
were detected in SS7-10, SS7-21 and SS7-23. Sample SS7-10 also exhibited values of cadmium,
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copper, nickel, and silver above national averages. In addition, mercury was detected at 2.2
ppm, and cyanide was detected at 2.9 ppm. These are not naturally-ocurring concentrations.

Overall, there was mild to moderate surface soil contamination displayed in Area 7 samples,
particularly §57-10, SS7-21 and SS134C. SS7-10 exhibited a broad spectrum of organics and
inorganic contaminants, some at high levels. In general, surface soil contaminants comprised
constituents that were also present in subsurface soils. However, volatilization of the higher
vapor pressure compounds such as TCA and TCE has caused a relative reduction of these
compounds in surface soils compared to subsurface soils, and a proportional increase of less
volatile constituents such as PCE, semivolatiles, pesticides, and inorganics. The presence of
contamination in surface soils may be a result of construction activities which moved subsurface
materials to the surface or a result of surficial waste disposal of liquid wastes.

Because of the high VOC concentrations, the data from S57-10 was evaluated with respect to
possible exposure routes. The most plausible route of exposure would be a possible inhalation
hazard to people playing on the courts.

To qualitatively assess this possibility, the upwind air sampling results from test pit 2 were used
as an approximation of the concentrations of VOCs which may be volatilizing from the surface
soil to the breathing zone of the basketball courts. Test pit 2 is located between the basketball
courts and S57-10. These air samples can be compared to occupational guidelines, but it is more
appropriate to compare them to the SLAC-M values. These Screening Level Ambient
Concentrations Maximums for a 24-hour period are developed by OCS to protect against adverse
health effects during a 24-hour exposure as opposed to a lifetime exposure.

The air samples were well below the SLAC-M values except for acetone and 2-butanone. SLAC-
M values for these two chemicals have not been developed. The test pit air sample results were

mostly less than 1 ppbv (parts per billion by volume). The highest concentration was for acetone
at 1.39 ppbv.

Another comparison option are the risk based concentrations (RBCs) for residential soil
developed by USEPA Region IlII. These concentrations combine toxicity values with standard
exposure scenarios to calculate acceptable chemical concentrations in various media. Simply put,
RBCs are risk assessments run in reverse. The RBCs for residential soil are based on incidental
ingestion of soil by children. These are appropriate comparisons for exposures that children may
receive while playing in the weedy area of SS7-10. The SS7-10 VOC values are also well below
the RBC values.

Based on these two factors, it does not appear that the surface soil contamination would cause
adverse health effects to people utilizing the park.

Area 4

Two surface soil samples were collected in Area 4 (Figure 4-12). Sampling indicated that
methylene chloride, 1,2-DCE(total), 1,2-DCA, TCA, TCE, and toluene were present. Methylene
chloride, 1,2-DCA, TCA, and toluene, detected in SS4-7, were all present at 17 ppb or below.
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Contamination detected in S54-8, however, included 18 ppb methylene chloride, 110 ppb TCA
and 25 ppb TCE. Toluene and 1,2-DCE(total) were present at 3 ppb.

Contamination with semivolatiles was detected in both Area 4 samples. Bis(2-ethylhexyl)
phthalate was detected in both samples; however, in S54-7 it was detected at 1400 ppb, which is
generally higher than levels that commonly occur due to laboratory or sampling-derived
contamination. The PAHs fluoranthene, pyrene, chrysene, and benzo(b)fluoranthene were
detected in both samples between 100 and 170 ppb; benzo(k)fluoranthene was detected in both at
84 ppb. Benzo(a)pyrene was detected in S54-7 at 140 ppb. As noted under Area 7, PAHs are
commonly released to the air through combustion, or to the ground through disposal.

Low-level, but diverse pesticide contamination was detected in $54-7. The PCB compound
Aroclor-1260 was detected at 100 ppb. 4,4-DDT and endrin aldehyde were detected at 22 and 17
ppb. These two compounds were also detected in $54-8 at concentrations below 10 ppb.
Compounds detected below 10 ppb included heptachlor epoxide, 4,4'-DDE, 4,4'-DDD, alpha-
chlordane, and gamma-chlordane. These are common pesticides used at homes and commercial
establishments for weed and insect control. The source of these compounds in Area 4 is
unknown.

Inorganics analysis in Area 4 indicated six metals present above national averages; zinc,
chromium, copper, lead, magnesium, and selenium. In sample SS4-7 the zinc and lead
concentrations (554 ppm and 92 ppm) were also above the typical range of concentrations in
soils (Shacklette B. Boerngen, 1984). Cyanide was also detected in this sample at 4.8 ppm. These
metals could be the result of fugitive dust from local metal working facilities or local car repair
shops.

4.5 Results of Subsurface Soil Sampling

Subsurface soil sampling was conducted for two purposes: 1) to collect samples in identified
potential source areas in order to evaluate the likelihood of those areas acting as source areas
that result in groundwater contamination; and 2) to collect samples in the contaminated
unconsolidated aquifer but away from potential source areas, in order to characterize the solid
material of the aquifer. For the former purpose, subsurface soil sampling was conducted in Areas
2,4,7,9,11, 12, and 14. These were seven of the 12 areas that were sampled for soil gas in
Phase II and which showed elevated soil gas results for the target compounds; consequently,
these areas were passed on through the potential contaminant source screening process to the
next screening step, which was subsurface soil sampling. Subsurface soil sampling was
conducted between June and December, 1993, using the methods described in subsection 2.6.

4.5.1 Results of Subsurface Soil Sampling in Potential Source Areas

As described in detail in subsection 2.6, subsurface soil samples were collected using split-spoon
samplers; in potential source areas, the sampling interval was generally five feet. Samples were
field-screened for total VOCs by the head-space method. Samples were selected for laboratory

analysis based on head-space concentrations: in general, the sample with the highest head-space
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concentration, and the first "clean" sample (or nearly clean) beneath the contaminated interval,
were selected for analysis for TCL Organics and TAL Inorganics. Where no sample from a
particular boring contained detectable VOCs in head-space screening, the sample nearest to (and
generally above) the water table was selected for analysis. For soil samples with limited sample
volume, samples were submitted for analysis of VOCs only. The full analytical results for
subsurface soil samples are presented in Appendices H-4 through H-6.

4.5.1.1 Area 2

Subsurface soil sampling was conducted in Phase II in Area 2 to investigate an area of moderate
concentrations of PCE in soil gas samples collected in Phases I and II. The anomalous soil gas
sampling results were clustered along Kling Street and in the junk yard east of Kling Street.
Three soil borings in Phase II were placed in the west-central part of the junk yard, at locations
near and between the anomalous soil gas results (see Figure 4-11). None of the subsurface soil
samples displayed detectable VOCs in field head-space screening, and there was no visual
evidence of contamination in any sample. Analytical samples selected from the three borings
one from each boring) displayed relatively low-level concentrations of VOCs, with acetone, 1,2-
dichloroethene (1,2-DCE) (total), PCE, and toluene detected in one or two samples each. PCE
was reported at the highest concentration from these samples, with 82 ppb (parts per billion;
equivalent to the reported units of pg/kg) from sample SB2-3D (collected at 17-19 feet below
grade). A duplicate sample was collected from this location, and this sample yielded a PCE
concentration of 19 ppb. Though considerably different from the primary sample, such contrasts
between primary and duplicate samples are common in soil samples, due to the inherently
variable nature of soil materials. Nevertheless, the duplicate result supports the idea that PCE is
present in sample SB2-3D, but at low concentrations. In the second sampling location where
PCE was reported (SB2-1C), (collected at 15-17 feet below grade) its concentration was 4 ppb.
The other compounds listed were detected in only one sample each, and at concentrations of 4 to

7 ppb.

The results of subsurface soil sampling in Area 2 are consistent with the soil gas survey results
in that PCE was the most abundant of the target chlorinated organic compounds (TCA, TCE, and
PCE). However, the subsurface sampling results were somewhat lower than what was expected
based on soil gas results. The combination of moderate PCE concentrations in soil gas samples
and low PCE results from subsurface soils in Area 2 suggests that a PCE contaminant source is
likely present, but that such a source is diffuse, and relatively low in concentration.

Several extractables and pesticides were detected from soil samples collected in Area 2. Bis(2-
ethylhexyl)phthalate was detected in two of the three samples, at concentrations of 100 and 38
ppb. Though this compound may indeed be present in these samples, it is more likely that these
low concentrations reflect low-level contamination during analysis or sampling. This
interpretation is favored by the fact that bis(2-ethylhexyl)phthalate was detected in many other
subsurface soil samples at similar concentrations, including samples which contained no other
detectable contaminants.

The pesticides alpha-BHC and delta-BHC were each reported from one sample in Area 2, both at
concentrations of 0.13 ppb. These compounds were reported from samples in other areas that
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Section 4
Resuits of Contaminant Investigation

contained VOC contaminants (several samples in Areas 4 and 11, and one sample from Area 7).
While these compounds appear to be present at very low concentrations in subsurface soils in
Area 2 and in certain other areas, they are not compounds of concern for groundwater; their
solubilities are in the low-ppm range, and there were no reported detections of alpha-BHC or
delta-BHC in groundwater samples.

Numerous inorganic constituents were detected in subsurface soil samples from Area 2.
However, all these detections were of a magnitude typical of "normal” soils, based on an
extensive soil sampling program throughout the United States (Shacklette and Boerngen, 1984).

4.5.1.2 Area 4

Subsurface soil sampling was conducted in Phase II in Area 4 to investigate the origin of very
high soil gas concentrations of TCA (five Phase II soil gas samples and one Phase I sample
ranged from 1,500 to 4,300 pg/L TCA) centered on the northern part of the Swebco
Manufacturing Inc. parking lot in Area 4. In order to evaluate these concentrations, six borings
were drilled in Area 4 in the central and northern portions of this parking lot (see Figure 4-12).
Three of the six borings in Area 4 showed the presence of a dark, oily product at the top of the
saturated zone. Field organic vapor concentrations measured with an HNu or OVA were
consistent with visual observations, and indicate that the oily product was not discernible at
shallow depths but was present in the first saturated sample, at an approximate depth of 28 feet
(see Table 4-2). At borings SB4-1 through SB4-5, borings were terminated within 10 feet of the
water table, due to the inability to obtain completely reliable, undisturbed subsurface soil
samples while using the hollow-stem auger drilling method. Boring SB4-6, however, was drilled
using the mud rotary method, which allowed more effective sampling below the water table. At
this boring, drilling and sampling proceeded to a depth of about 42 feet, approximately 14 feet
below the water table; at this depth organic vapor concentrations had begun to decline markedly.
Based on field organic vapor scanning along the length of the deepest sample at SB4-6, only the
interval above 40.5 feet had organic vapor concentrations above 1.0 ppm. The interval of
observed free-product contamination appears to end at a somewhat shallower depth: within the
35 to 37-foot sample, the color of the sample ranges from black (above 35.4 feet) to gray (from
35.4 to 35.8 feet) to light yellow brown (below 35.8 feet), which is the typical color of the
subsurface sandy soils; organic vapor concentrations in this interval decreased from 20 to 60 ppm
in the two upper zones, to 5 to 20 ppm in the lower, light yellow brown zone. Based on these
observations, the zone of highest contaminant concentrations at SB4-6 ranged from about 28 to
36 feet, for an approximate thickness of eight feet. As the highest soil gas contaminant
concentrations were centered north of SB4-6, it is likely that the maximum thickness of highly
contaminated soil in Area 4 is somewhat greater than eight feet.

As summarized in Table 4-2, TCA was the predominant contaminant in subsurface soils
analyzed from Area 4, being present at up to 360 ppm (360,000 ng/kg or ppb) in sample SB4-1F.
This pattern is consistent with the results of the Phase I and Phase II soil gas survey locations on
or adjacent to the Swebco Manufacturing Inc. facility, where TCE and PCE were present at
concentrations less than 6% and 1%, respectively, of that of TCA. As discussed in subsections
4.8 and 4.10, groundwater sampling results are also consistent with this pattern, as samples
downgradient of Area 4 are abnormally high in TCA, and proportionally low in TCE and PCE.
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TABLE 4-2

Summary of Subsurface Soil Sampling Results,

Area 4

Sample |Depth, [Field Screening Analytical Results
Number feet! with HNu, ppm: |Total VOCs, TCA,

scan/head space ppb ppb
SB4-1A  |5-7 0/0 - —]
SB4-1B 10-12 0/0 - —
SB4-1C 15-17 0/0 — —
SB4-1D  |20-22 0/0 N.D N.D
SB4-1E 25-27 1.8/0.5 - -
SB4-1F 30-32* 90/50 360,000 360,0001
SB4-1G 35-37* 75/34 - -
SB4-2A 5-7 3/0} N.D N.D
SB4-2B 10-12 0/0 - —
SB4-2C 15-17 0/0 -~ -
SB4-2D  |20-22 0.2/0 10 5
SB4-2E 25-27 0/0 - -
SB4-2F 30-32* 0/0 - -
SB4-2G 35-37 * - - -
SB4-3A 5-7 0/0 — —
SB4-3B 10-12 0/0 — —|
SB4-3C  |15-17 0/0 - —
SB4-3D  |20-22 0/0 - -
SB4-3E 25-27 0/0 53;3421 N.D.;N.D.
SB4-3F 30-32* 0/0 — —]
SB4-4A 5-7 0/0 - -
SB4-4B 10-12 0/0] - -
SB4-4C  |15-17 0/0} — -
SB44D  [20-22 0/0] - |
SB4-4E 25-27 0/0 13 9
SB44F 30-32* 0/0 — —
SB4-5A  |5-7 0/0 -~ —
SB4-5B 10-12 0/0 - -
SB4-5C 15-17 0/0 - -
SB4-5D 20-22 0/0 — —|
SB4-5E 25-27 0/0.5 27 6
SB4-5F 30-32* 44/34 190,000 190,0004
SB4-5G 35-37* 70/53 — —
SB4-6A  |25-27* 0/05° - -]
SB4-6B 30-32* 95.5/91.43 - -]
SB4-6C  |35-37*¢ 60.5/42.23 - —
SB4-6D  |40-42* 4.2/0.5 - -

1 - Asterisk indicates sample is saturated
2. Second value refers to result for duplicate sample
3 - Readings measured with OVA



Section 4
Results of Contaminant Investigation

The other VOCs that were detected in Area 4 borings were toluene, acetone, chlorobenzene, PCE,
and benzene. The most abundant of these was toluene, detected in four samples at
concentrations up to 41 ppb; acetone was the second-most abundant, and was detected in four
samples at concentrations up to 9 ppb. These detections were in the low-concentration samples
from Area 4; higher concentrations of these and perhaps other compounds are likely to have
been present in the oily samples SB4-1F and SB4-5F. The detection limits for these two samples
were 28 and 14 ppm, respectively, which is approximately 8% of the concentration determined
for TCA. Nevertheless, it is clear that TCE and PCE are much less abundant than TCA in the
subsurface soils in Area 4.

The extractable compounds naphthalene (up to 3,000 ppb), 2-methylnaphthalene (1,600 ppb),
phenanthrene (580 ppb), and bis(2-ethylhexyl)phthalate (260 ppb) were detected in Area 4
subsurface soils. The first three compounds listed are polycyclic aromatic hydrocarbons (PAHs)
which were detected only in samples SB4-1F and SB4-5F; this pattern is to be expected, as these
compounds are common constituents of waste oils. Bis(2-ethylhexyl)phthalate was detected in
four of the nine Area 4 subsurface soil samples; in contrast to the samples with PAH detections,
all of these samples had very low to undetectable concentrations of other compounds. The low
magnitude and the lack of association of bis(2-ethylhexyl)phthalate with other compounds
suggests that it was detected as a result of low-level contamination during analysis or sampling.

A number of tentatively identified compounds (TICs) were reported from both the volatile and
semivolatile scans of the two oily subsurface samples from Area 4 (SB4-1F and SB4-5F). In the
volatile scan most of these compounds were not identified, and the total of the TICs was about
25 and 60% of the TCA concentration in samples SB4-1F and SB4-5F, respectively. In the
semivolatile scan more of the compounds were identified and were alkanes such as decane and
tetradecane; along with the unidentified alkanes, the total concentration of alkanes in the
semivolatile scan was about 290 and 170% of the TCA concentration in SB4-1F and SB4-5F,
respectively. Very high concentrations of an "unresolved hydrocarbon complex" were reported
for both SB4-1F and SB4-5F, at concentrations of about 20 and 50 times that of TCA, respectively.
Though the identities and quantities of reported TICs are not entirely reliable, these results show
that the high-concentration subsurface contamination in Area 4 probably consists of a mixture of
TCA and hydrocarbons, some of which are alkanes which are characteristic of oils. Such a
mixture would likely have a density similar to, or probably less than, that of water; this would
explain the fact that it was observed only at the top of the saturated zone.

The following pesticide compounds were detected in one or more subsurface soil samples from
Area 4, followed by the maximum detected concentration: alpha-BHC (4 ppb), beta-BHC (5.9
ppb), delta-BHC (1.8 ppb), gamma-BHC (1.6 ppb), heptachlor (5.2 ppb), aldrin (2.3 ppb),
endosulfan I (5.7 ppb), 4,4-DDE (0.34 ppb), endosulfan II (0.44 ppb), 4,4-DDD (0.24 ppb), 4,4*-
DDT (0.59 ppb), methoxychlor (3.7 ppb), and endrin aldehyde (1.5 ppb). Pesticides were
detected at seven of the nine samples, but the highest concentrations were limited to the two oily
samples (SB4-1F and SB4-5F). Many of these compounds were detected in subsurface samples
from other source areas (areas 7, 11, and 12), but the highest concentrations of these compounds
were from the surface soils (see subsection 4.4). The pesticides are not compounds of concern for
the study area, because none were detected in groundwater samples. The presence of pesticides
are most likely attributed to residential/commercial weed and insect control.
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No inorganic compounds were detected in Area 4 at concentrations greater than local
background concentrations for subsurface soils in the study area.

Comparison of subsurface soil sampling results with soil gas results shows the influence of local
conditions on the soil gas results. For example, soil gas survey locations SG4-12 and SG4-18 had
very high TCA concentrations (3,200 and 2,400 pg/L, respectively). However, soil borings SB4-2
and SB4-4 were placed near these locations (see Figure 4-12), and showed only low ppb levels of
contamination. The area of anomalous soil gas sample results (greater than 100 ug/L of TCA)
constitutes an area of approximately 150 by 200 feet. However, Phase II subsurface soil sampling
showed that the area underlain by TCA-contaminated soil is somewhat smaller, being only about
50 by 75 feet, and limited to the northern part of the parking lot. It is instructive to note that all
of the Area 4 soil gas samples with concentrations greater than 100 pg/L TCA were collected
from beneath or within several feet of a continuously paved area (the Swebco Mfg. parking lot or
Marshall Street). The larger area of anomalous soil gas readings (compared to the area underlain
by TCA-contaminated soil) is likely a result of the pavement acting as an impermeable barrier to
the escape of TCA to the atmosphere. Rather than escaping from the soil by passing upward
through unpaved ground, contaminants volatilizing off the subsurface source area beneath the
northern part of the parking lot appear to migrate beneath the pavement toward unpaved areas,
where volatilization to the atmosphere can occur. This would account for the high soil gas
concentrations found at locations SG4-12, 14, and 18, while soil borings show that the area of
TCA-contaminated soil does not exist this far south (based on soil borings SB4-2, 3, and 4).
Beyond a few feet past paved areas, TCA soil gas concentrations decline to much lower
concentrations of less than 50 pg/L.

The area and volume of contaminated soil in Area 4 can be estimated from the results of the RI.
The borings containing residual free product in the soil samples cover an area of 23.5 by 36 feet.
As the contaminated zone appeared to be at least five feet thick at all three locations, it could be
assumed that the contamination extends some distance in all directions from this rectangular
area. While subsurface borings do not give direct evidence on the northerly extent of
contamination, the northern boundary can be inferred from other evidence. Soil gas sample SG4-
6 had a TCA concentration of 36 png/L, much lower than the concentration in sample 5G4-9
(1,500 pg/L) located about 80 feet to the south (see Figure 4-12). In addition, ISWS monitoring
well MW22 is located downgradient (west-northwest) of the Swebco Mfg. building, but shows
background TCA concentrations (20 ppb); MW130, on the other hand, is located roughly
downgradient of the contamination beneath the northern part of the parking lot, and shows
highly elevated TCA concentrations of 1,000 ppb (see Figure 4-12). Considering this evidence, it
appears that the area of high contamination does not extend far north of the southern boundary
of the building. The eastern and western extent of contamination are also not known with
certainty. However, the western boundary likely does not extend far west of Marshall Street, if
at all, because soil gas concentrations rapidly decline to the west. In fact, the elevated
concentrations immediately west of the street (5G4-9 and the Phase I location with 3,400 ng/L)
may be a function of their location adjacent to a paved area, similar to 5G4-12 and SG4-18
discussed above. Based on these lines of evidence, a reasonable preliminary estimate for the area
of highly contaminated soil in Area 4 is 50 by 75 feet, with the long dimension being east-west.
Using an assumed thickness of eight feet, an average TCA concentration of 275 ppm (see Table
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4-2), and an assumed bulk density of 1.9 g/cm’, the volume of highly contaminated soil is
approximately 1,100 cubic yards, and the weight of TCA is approximately 977 pounds.

As shown in Table 4-2, field organic vapor screening results correlate well with laboratory
sampling results. Screening results near 1 ppm or less correspond with analytical results of low
concentrations (50 ppb or less), and elevated screening concentrations correspond with ppm-level
concentrations. The single exception to this correlation was in the scan result (not the head-
space result) for sample SB4-2A: in this sample the 3 ppm scan came from a single narrow zone
of the sample; upon sampling, this zone was composited with the remainder of the sample,
which was uncontaminated, diluting the effect of the narrow zone. For the purpose of
comparing to an analytical result, the head-space results are more reliable than the sample
scanning results, because they, like the analytical samples, are based on composite sampling.
The scanning results are useful for evaluating vertical variations in VOC concentrations within a
sample.

Based on historical information and existing analytical and stratigraphic data, nonaqueous phase
liquid (NAPL) contamination is suspected in Area 4. The Phase II study was designed to
evaluate the potential for NAPLs in the subsurface, not to investigate and characterize NAPL
zones. The information obtained from soil gas, soil samples, headspace screening and visual
observations indicates that there may be residual NAPL present in the vadose zone near the
water table, particularly within the 1000 ppb soil gas contour as shown on Figure 4-12. It is
suspected, based on the physical properties of the primary contaminants (TCE, TCE, and PCE)
and anecdotal disposal reports, that there may also be DNAPL (dense nonaqueous phase liquid)
zones at depth within the saturated zone. No specific testing was performed to confirm or
characterize the suspected NAPL near the water table. Additionally, no borings or wells were
completed deeper than 42 feet bgs within the source area so no deeper NAPLs were encountered
during Phase II.

Based on guidance from USEPA, DNAPL Site Characterization (USEPA, September, 1994),
NAPL investigations should be performed in phases. The initial phase would include
developing a conceptual model and subsequent phases would include specialized investigation
activities to help refine the conceptual model. These activities would be followed by risk
assessment, evaluation of remedial alternatives, treatability studies and ultimately, remediation.
Future source area studies should be designed using the existing information from Phase II to
develop an initial conceptual NAPL model. Subsequent NAPL investigations (if deemed
necessary), should make a distinction between mobile versus residual NAPL and should be
designed to minimize the risks of spreading NAPL.

4.5.1.3 Area7

Chlorinated VOCs

Subsurface soil sampling was conducted in Area 7 in order to investigate and characterize the
source of moderate to very high soil gas concentrations of TCA, PCE, and TCE (see subsection
4.2), as well as to follow up on the test pit results (see subsection 4.3), geophysical anomalies,
and observations of debris in the soil. The soil gas concentrations range up to 3,800 pg/L for
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TCA, 1,100 pg/L for PCE, and 690 ng/L for TCE, and cover an extensive area of about 300 by
1,100 feet. Twenty-four borings were drilled and sampled in Area 7 to evaluate the nature and
extent of subsurface contamination; several other subsurface samples were collected from borings
drilled for monitoring well installation at MW112, MW134, and MW135, which are referred to in
this section as SB112, SB134, and SB135, respectively.

Most of the soil borings drilled in Area 7 showed evidence of elevated contaminant
concentrations, based on field organic vapor screening (using HNu or OVA), visual and olfactory
observation (color was commonly a brownish gray or gray, in contrast to the brown color of less-
contaminated sands; see the boring logs in Appendix A), and laboratory analytical results. As in
Area 4, field organic vapor screening provides the most complete source of information on VOC
contaminant distribution; field screening was performed on each split-spoon sample collected.
This information is shown in Figures 4-13 and 4-14. Comparison of these figures with Figures 4-
4 through 4-7 shows that the area of anomalous VOC concentrations in subsurface soils (based
on field screening) matches fairly well the area of anomalous soil gas concentrations of TCA,
PCE, and TCE,; in addition, the area of anomalous VOCs based on field screening also matches
the laboratory analytical results from subsurface soils (discussed below and portrayed in Figures
4-15 through 4-20). The primary difference between the borings and the soil gas survey is that
the soil borings were drilled over a slightly larger area. Soil borings were drilled to the north
and northwest of the area covered by the soil gas survey, because the soil gas survey did not
completely define the northern and northwestern boundaries of the elevated VOC soil gas
readings. Several of these additional borings (SB7-19, SB7-20, SB7-24, and SB134) indeed showed
evidence of elevated VOC concentrations, thereby further expanding the area underlain by
source contamination.

TCA, PCE, and xylene were the most abundant VOC contaminants detected in the subsurface
soils in Area 7. These compounds were generally present at the same magnitude: in samples
containing more than 100 ppb of any one constituent, they were generally present at
concentrations within a factor of three. TCA attained the highest concentrations of all VOCs,
ranging up to 360,000 ppb (360 ppm) at SB7-24A (depth 4-6 feet) and 380 ppm at SB7-8D (depth
15-17 feet). Figure 4-15 shows the distribution of TCA in subsurface soils in Area 7. TCA was a
major contaminant in nearly all subsurface soil samples, with the exception of SB7-14D. At this
location, PCE and xylene were present at much higher concentrations than TCA. The contours
on Figure 4-15 are based on the highest analytical result for a particular boring (two samples
were submitted for analysis from most borings). These contours show that there are two
separate "hot spot” areas underlain by soils containing peak levels greater than 100 ppm of TCA.
The larger of these is centered between SB7-8 and SB7-10 and has dimensions of about 75 by 200
feet; the second of these is located at SB7-24, but the dimensions of this area are unknown
because additional borings to close off the area were not possible. A much larger area is
underlain by soils with TCA concentrations greater than 100 ppb; this area is about 300 by 1,200
feet, and generally matches the area already considered suspect, based on soil gas survey results.

After TCA, PCE is the second-most abundant of the VOC contaminants in subsurface soils in
Area 7, ranging up to 260 ppm at SB7-8D. As displayed in the contour map of Figure 4-16, the
distribution of PCE is very similar to that of TCA, with elevated concentrations in a roughly
north-south band centered on the basketball courts. In nearly all samples analyzed, the PCE
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Section 4
Results of Contaminant Investigation

concentration is on the same order of magnitude as that of TCA, generally within a factor of
three. The primary exception to this pattern is at SB7-14D, where PCE was reported at a
concentration about 30 times that of TCA. .

The situation in Area 7 is believed to be similar to that in Area 4. Residual NAPL contamination
is suspected in the vadose zone near the water table especially in the "hot spot" areas, however,
no specific testing was conducted during Phase II to confirm this hypothesis. As the solid
material in sample SB7-8D consists of sand and gravel with no appreciable organic matter or
clays, it can be assumed that very little of the total mass of PCE in this sample was adsorbed to
the solid phase. Assuming a porosity of 30% and assuming that the major fraction of PCE is in
the liquid portion of the sample, the concentration of PCE in the liquid as SB7-8D is (1/0.30) x
260 ppm = 867 ppm. This concentration is considerably higher than the solubility of PCE in
water, which is 200 ppm; this contrast suggests that a NAPL is present. One component of the
NAPL is comprised of a dense non-aqueous phase liquid (DNAPL) compound, PCE. Based on
the PCE concentrations observed in soil in Area 7, the likely extent of a possible NAPL
containing PCE as a DNAPL component would be limited to the areas encompassed by the
100,000 ppb contours in the central and norther portions of Area 7. Similar calculations for
xylene, naphthalene, and 2-methylnaphthalene yield results consistent with the presence of a
NAPL, comprised of light non-aqueous phase liquid compounds is present at SB7-8D, SB7-9E,
and SB7-10A. Because the presence of residual NAPL has not been confirmed, subsequent
discussions will refer to these areas as areas with high VOC concentrations or hot spots.

TCE is the third-most abundant of the chlorinated VOC contaminants in subsurface soils in Area
7, ranging up to 130 ppm at SB7-8D. The distribution of TCE in these soils is presented in
Figure 4-17, which shows a broad area underlain by detectable concentrations of TCE. This
distribution is very similar to that of both TCA and PCE, with the exception that TCE, more than
the others, is particularly concentrated in the central hot spot zone encompassed by SB7-7, SB7-8,
and SB7-9.

1,2-DCE (total) was fourth-most abundant of chlorinated VOCs in subsurface soils in Area 7,
ranging up to 49 ppm in SB7-10A (see Figure 4-18). However, this compound had a somewhat
more widespread distribution than other chlorinated organic compounds. While other
chlorinated compounds had their highest concentrations at SB7-7, SB7-8, and SB7-9, the highest
concentration of 1,2-DCE (total) was at SB7-10A. 1,2-DCE (total) was the most abundant
compound detected in several borings located away from the highly contaminated (hot spot)
zone, such as SB7-1, SB7-2, SB7-11, and SB135. The somewhat wider distribution of 1,2-DCE
(total) may signify greater mobility of 1,2-DCE (total) than for TCA, PCE, or TCE. This would be
a function of the relatively high solubility of the isomers of 1,2-DCE relative to TCA, PCE, and
TCE: the solubility of the cis isomer is 3,500 mg/L, and that of the trans isomer is 6,300 mg/L.
Higher solubilities would enable 1,2-DCE (total) to be dissolved by precipitation infiltrating
through zones of high VOC concentration and subsequently transported to other areas where
some deposition of the compound would occur. This explanation accounts for the fact that the
areas of highest VOC contaminant concentrations comprises mainly contaminants that are
relatively less soluble and less mobile, such as TCA, PCE, TCE, xylene, and toluene. This is also
consistent with the fact that 1,2-DCE (total) is a major component of the groundwater
contaminant plume downgradient from Area 7 (see subsection 4.8).
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Section 4
Results of Contaminant Investigation

Another feature of the distribution of 1,2-DCE (total) in subsurface soils is that it appears to be
negatively correlated with TCE. Three of the four highest concentrations of 1,2-DCE (total) were
from SB7-5E, SB7-10A, and SB7-22D. These are samples in which the proportion of TCE to other
major contaminants is low: for example, the ratio of TCE to TCA in these samples ranges from
0.03 to 0.12, while TCE is proportionally more abundant in the other samples with high VOC
concentration. This may be related to the fact that 1,2-DCE has been shown to be a common
biological degradation product of TCE (Olsen and Davis, 1990). This degradation proceeds most
readily in anaerobic environments; the high VOC contamination zones in Area 7 are most likely
anaerobic or at least low-oxygen environments, based on the consumption of oxygen during the
degradation of xylene and other readily-degraded compounds. The association of high-1,2-DCE
samples with proportionally low TCE may be an indication that this degradation process occurs
in the subsurface of Area 7.

After 1,2-DCE (total), the frequency and abundance of chlorinated VOC contaminants in Area 7
soils falls off considerably (see Table 4-3). The compound 1,1-dichloroethane (1,1-DCA) was the
most frequently reported of these compounds, being noted in 15 of the 36 subsurface soils in
Area 7. The highest concentration was 190 pg/kg (or parts per billion, ppb) at SB7-24B. Similar
to 1,2-DCE (total), the highest detections of this compound were in samples away from the hot
spot zones, at SB7-1 through SB7-4, SB7-24 (where the detection was noted from below the high-
concentration zone), SB134, and SB135. As 1,1-DCA is also relatively soluble (5,500 mg/L), this
pattern could be a function of greater mobility of this compound than for TCA, PCE, and TCE.
Again similar to 1,2-DCE (total), 1,1-DCA is a relatively abundant component of the groundwater
contaminant plume downgradient from Area 7.

As shown in Table 4-3, other chlorinated organic compounds were detected in up to six
subsurface soil samples in Area 7; these compounds include methylene chloride, 1,1-
dichloroethene (1,1-DCE), 1,2-dichloroethane (1,2-DCA), 1,1,2-trichloroethane, and chloroform.
The concentrations detected ranged from 2 to 29 ppb, with most being below 20 ppb. Of these
compounds, only 1,1-DCE is an abundant component of the groundwater contaminant plume
downgradient from Area 7. Its relatively greater abundance in the plume than in the Area 7
subsurface soils is discussed in subsection 4.8.

The overall pattern of the distribution of total chlorinated VOCs in subsurface soils in Area 7 is
displayed in Figure 4-19. Comparison of this figure with Figures 4-15 through 4-18 shows that
the chlorinated VOCs are similarly distributed across Area 7; where one of the major chlorinated
contaminants in subsurface soil (TCA, PCE, TCE, or 1,2-DCE) is present, the others are also
present.

Non-chlorinated VOCs

Of the non-chlorinated volatile organic compounds in subsurface soils in Area 7, xylene was the
most abundant, attaining concentrations of up to 210 ppm at SB7-10A. Xylene was the third-
most abundant VOC contaminant overall, after TCA and PCE. Its general distribution is similar
to that of TCA, PCE, and TCE: there are anomalous concentrations in a roughly north-south strip
centered on the basketball courts, and two "hot spot” zones where concentrations are especially
high (100 ppm, in the area of SB7-8, 7-9, and 7-10; and at SB7-24). Similar to the case for PCE,
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Table 4-3

Summary of Subsurface Soil Sampling Results in Area 7

Range of Area 7 Proportion of Area 7
Samples With Samples With
COMPOUND Detections Detections Sample(s) With Highest Detection
Methylene Chloride 6-13 6/41(14.6%) SB134B
Acetone 7-8400 21/41(51.2%) SB7-24A
Carbon Disulfide 2 4/41(9.8%) SB135F, SB134A, SB134B, SB134C

1,1-Dichloroethene 3-11 5/41(12.2%) SB134B

1,1-Dichloroethane 2-240 16/41(39.0%) SB7-SE(D)
1,2-Dichloroethene(total) 1-49,000 30/41(73.2%) SB7-10A
Chloroform 2 1/41(2.4%) SB134C
1,2-Dichloroethane 2-180 4/41(9.8%) SB7-24B
2-Butanone 3-1500 4/41(9.8%) SB7-14D
1,1,1-Trichloroethane 5-380,000 36/41(87.8%) SB7-8D
Trichloroethene 2-130,000 29/41(70.7%) SB7-8D
1,1,2-Trichloroethane 4-7 2/41(4.9%) SB134B
4-Methyl-2-Pentanone 3-82 3/41(7.3%) SB7-24B
Tetrachloroethene 2-260,000 36/41(87.8%) SB7-8D
Toluene 1-23,000 30/41(73.1%) SB7-8D
Ethylbenzene 1-31,000 19/41(46.3%) SB7-8D
Styrene 1600 1/41(2.4%) SB7-10A
Xylene 2-210,000 24/41(58.5%) SB7-10A

-y
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Section 4
Results of Contaminant Investigation

the peak concentration of xylene in Area 7 suggests that a NAPL may be present in a portion of
Area 7. Using the same assumptions as were stated under PCE, a calculation of the
concentration of xylene in the liquid portion of the subsurface sample yields (1/0.30) x 210 ppm
= 700 ppm. This concentration is higher than the sum of the solubilities of all three isomers of
xylene (0-, m-, and p-xylene each have solubilities of 150 to 200 ppm), which is approximately
525 ppm. The higher concentration of xylene in sample SB7-10A suggests that a NAPL may
exist at that hot spot location.

Xylene has a somewhat more limited distribution than that of chlorinated VOCs (see Figure 4-
20). While the concentration of xylene is roughly similar to that of TCA and PCE in the hot spot
contamination areas (generally within a factor of three), xylene concentrations are considerably
less than those of TCA and PCE in borings away from the hot spots, such as at SB7-1, 7-2, 7-3, 7-
11, 7-13, 7-17, SB134 (shallow sample A), and SB135. This contaminant distribution pattern is
probably related to the ready biodegradation of xylene that occurs in an oxygenated
environment (e.g., Chiang et al., 1989). The fringes of the contaminated soil volume (represented
by the above-noted borings) are likely to exist in an oxygenated environment, based on the
relatively shallow depth of the samples, and the relatively high air-permeability expected to
prevail for most of the near-surface deposits, which are mainly sands and silts. Biodegradation
of xylene at the margins of the hot spot contamination is also supported by groundwater
contamination patterns: as discussed in subsection 4.8, xylene is relatively abundant in
groundwater immediately downgradient of Area 7, but declines rapidly in the downgradient
direction, making for a short contamination plume; this contrasts with the long contamination
plumes formed by the chlorinated VOCs, which are more resistant to biodegradation in an
oxygenated environment.

Toluene and ethylbenzene are two aromatic petroleum-derived compounds commonly associated
with xylene, and were found to be locally abundant in the hot spot portions of Area 7. The
concentration of toluene reached 23 ppm in both SB7-8D and SB7-10A, while ethylbenzene was
reported at 31 and 26 ppm, respectively, in these two samples. In these and other hot spot areas,
these compounds are present at roughly 10 to 20% the concentrations of TCA, PCE, and xylene.
However, like xylene, the concentrations of toluene and ethylbenzene rapidly decline with
distance away from the hot spots: they are present, if at all, at concentrations much less than
10% that of TCA and PCE at SB7-1, 7-3, 7-11, 7-13, 7-17, SB134 (shallow sample A), and SB135.

A similar mechanism of biodegradation probably accounts for the contracted distribution of
toluene and ethylbenzene in Area 7 subsurface soils as was proposed for xylene. Like xylene,
toluene and ethylbenzene are relatively easily biodegraded in an oxygenated environment,
conditions which are expected to prevail in the borings listed above. Biodegradation is discussed
in detail in subsection 4.9.2, processes affecting contaminants in and near source areas. Again
similar to xylene, toluene and ethylbenzene decline relatively rapidly in the groundwater
contaminant plume downgradient from Area 7 (see subsection 4.8).

The presence of xylene, toluene, and ethylbenzene in Area 7 subsurface soils may be a result of
their common use as solvents. For example, xylene is used as a solvent for alkyd resins,
lacquers, enamels, and rubber cements; it is also used in protective coatings, in motor fuels, as a
chemical intermediate, and in the manufacturing of dyes, pharamaceuticals, and insecticides.
Toluene is used as a solvent for paints and coatings, gums, resins, adhesives, rubber, oils, and
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vinyl compounds; it is also used in the manufacturing of caprolactum, saccharin, medicines,
dyes, perfumes, benzoic acid, detergents, TNT, and other benzene derivatives; as a diluent and
thinner for nitrocellulose lacquers; in aviation gasoline and high-octane blending stock; and in
the preparation of toluenediisocyanate for polyurethane resins. Ethylbenzene is used as a
chemical intermediate in the production of styrene, acetophenone, and other organic compounds,
and as a resin solvent.

Benzene is commonly found with the other aromatic compounds xylene, toluene and
ethylbenzene owing to its abundance in gasoline, and due to its chemical similarity to these
compounds; however, benzene was not detected in any subsurface soil samples from Area 7.
Contaminants in the Area 7 subsurface soils are probably not derived from the disposal or
leakage of gasoline, based on the remote location of Area 7. Other uses of benzene include
manufacture of numerous chemicals, and as a solvent. The lack of benzene in an area with high
concentrations of other aromatic compounds may reflect what was initially disposed in Area 7;
the other aromatic compounds have major uses as solvents, while solvent use is a relatively
minor use for benzene owing to its established carcinogenicity.

The remaining VOC contaminants detected in subsurface soils in Area 7 are ketones (acetone, 2-
butanone, and 4-methyl-2-pentanone), styrene, and carbon disulfide. Of these compounds,
acetone was the most frequently detected and the most abundant, being reported from SB7-24A
at 8,400 ppb. Acetone is employed in a wide variety of uses, including as a paint, varnish, and
lacquer solvent, in cleaning and drying precision equipment, in sealants and adhesives, and as a
chemical intermediate. Other detections of acetone were considerably lower: two of the other
detections were 140 and 94 ppb, while all others were less than 30 ppb. The other compounds
listed above were somewhat more limited in distribution than acetone; none were reported at
concentrations above 15 ppb from more than one sample. For these and other low-concentration
compounds, it should be noted that higher concentrations may be present in hot spots; however,
such concentrations may be masked by the abundance of other compounds in these areas, which
results in high detection limits. Overall, detections of the ketones, styrene, and carbon disulfide
are relatively isolated in subsurface soils in Area 7. They have also not migrated significantly
into groundwater (see subsection 4.8).

Tentatively Identified Compounds

A number of tentatively identified compounds (TICs) were reported from the VOC scan for
subsurface soils in Area 7, primarily from samples with high VOC concentrations. For samples
with total VOC concentrations of less than about 200 ppb, the concentration of total TICs
generally ranged from undetected to 200 ppb. For samples with higher total VOC
concentrations, the total concentration of TICs was greater than that of the total of identified
VOCs by about a factor between two and six. Some of these TICs were specified, the most
abundant of these being decane, ethylmethyl benzene isomer(s), and nonane; other alkanes or
aromatic compounds were specified, but the largest remaining portion was unknown
hydrocarbons.

A substantial quantity of TICs was also reported for the extractable semivolatile scan in many
Area 7 subsurface soils. Extractable TICs were reported for all samples, but were most abundant
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in samples with high VOC contamination. The total of extractable TICs generally correlates with
that of total VOCs, and is generally greater than the total of the identified VOCs by a factor of
about five to ten. The most abundant of the named extractable TICs were unspecified
ethylmethyl benzene and trimethylbenzene isomers. Other aromatics, some alkanes and ketones
were noted, but the largest fraction was generally described as unknown hydrocarbon
compounds or simply unknown compounds.

Vertical Pattern of VOC Contamination in Area 7 Subsurface Soils

The vertical extent of subsurface soil VOC contamination in Area 7 can be obtained by referring
to field head-space VOC readings; while no more than two subsurface soil samples were
submitted for laboratory analysis, each sample from each boring was measured in the field for
head-space concentration of VOCs. Comparison of head-space readings (Figure 4-13) with the
concentration of total VOCs (Figure 4-19) shows that head-space readings correlate well with
contaminant concentrations, and therefore provide an accurate indication of the vertical extent of
contamination. Figure 4-21 presents the approximate thickness of the contaminated zone, based
on the thickness of the zone with detectable VOCs based on head-space measurements. In
general, the subsurface contaminated interval is thickest (about 40 feet) in the hot spot zone
bounded by SB7-8, 7-9, 7-10, and 7-23. Three additional areas have contaminated intervals of
about 20 to 30 feet: 1) north of the hot spot noted above and south of the basketball courts (at
SB7-7, 7-21, and 7-22); 2) located near and northwest of the tennis courts (at SB7-4, 7-5, 7-19, and
SB134); and 3) north of the playground (at SB7-24). The remaining subsurface sampling locations
had contaminated intervals less than 20 feet thick; these locations also had significantly lower
head-space and contaminant concentrations than the areas of greater thickness of contaminated
soil. The resulting overall pattern of the vertical distribution of contamination in Area 7
ubsurface soils is that the thickness of the contaminated interval is positively correlated with
contaminant concentrations at a given location (compare Figure 4-21 with Figures 4-15 through
4-20).

Further examination of the vertical pattern of VOC contaminant concentrations in Area 7 borings
reveals that detectable contaminant concentrations are primarily confined to the upper 40 or 45
feet of the subsurface. At each boring location, the peak contaminant concentrations (see Figures
4-15 through 4-20) and head-space measurements (see Figure 4-13) are within 25 feet of the
ground surface; these measurements show sharp declines within 15 to 30 feet below the interval
of peak concentration. Figure 4-13 also indicates which samples are saturated; comparison with
Figure 4-19 shows that the highest VOC concentrations are consistently located in the upper
portion of the saturated zone, or just above the saturated zone.

The high-contamination zone (suspected NAPL zone) in Area 7 is smaller than the total volume
of contaminated soil, as might be expected. In order to estimate the thickness of the likely
contaminated zones in Area 7, the results of field head-space screening are most useful. Though
the appearance of a dark, oily phase in soil samples is also useful in assessing the presence and
extent of areas of high VOC concentration and potential residual NAPLs, in Area 7 this method
alone is insufficient for two reasons: 1) the color of high-contamination samples in Area 7 vary
considerably, with some samples being dark gray, but many more being a grayish or brownish
color (the latter appears similar to uncontaminated sands); and 2) a dark color can arise from
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the former presence of an oily phase, such that the primary remaining contaminants could be the
dark-hued PAHs. As a result, the most useful data collected in Phase II to indicate areas with
high VOC concentrations in soil in Area 7 is head-space VOC screening.

Head-space VOC screening results for subsurface soil samples in Area 7 correlate very well with
analytical results. For the 11 samples with measured head-space concentrations greater than 15
ppm, all but two had analytical results for total VOCs of greater than 10 ppm (ranging from 20
ppm to 1,019 ppm). Of the 21 samples with head space concentrations less than 15 ppm, all 21
had analytical results for total VOCs less than 10 ppm (ranging up to 3.4 ppm). Based on this
relationship, the presence and thickness of highly contaminated zones can be estimated for each
boring. Using the 15 ppm threshhold to indicate these zones, Figure 4-22 was constructed to
provide an approximate thickness of zones of high VOC contamination across Area 7. This
figure shows that there is one long, irregularly-shaped area centered on the basketball courts
where residual NAPL contamination may be present. Comparison of this figure with the figures
showing results for specific contaminants (Figures 4-15 through 4-20) shows that the areas with
high headspace readings generally match the areas of highest contamination for each
contaminant. The thickest interval of VOC contaminated soil is about 40 feet at SB7-10, where all
samples collected between five and 40 feet had head-space measurements of 15 ppm or higher.
This information should be used to develop a conceptual NAPL model to guide future source
area studies.

Another important characteristic of subsurface soil VOC contamination in Area 7 is that
contamination is largely distributed irrespective of subsurface stratigraphy. As shown in the
cross-sections presented in Figures 3-8 and 3-9, high head-space results (and corresponding
analytical results) are present in silty units as well as in sandy units. In fact, some of the highest
head-space and contaminant concentrations are present in the silty units, such as at SB7-5, 7-9, 7-
10, 7-21, 7-22, and 7-23. Currently, the primary vertical control on contaminant distribution
appears to simply be the depth of saturation, with the highest concentrations appearing near this
depth. The penetration of contamination into lower-permeability units such as sandy silts and
clayey silts (at SB7-9 and SB7-21, the middle portions of five-foot thick clayey silts have very
high concentrations) probably relates to the long period of time available for the non-aqueous
phase contaminants to migrate into them. As the majority of the contaminants detected in Area
7 are not miscible with water, and apparently lighter than water (or with density similar to that
of water), much of the contaminant mass has likely remained on top of the saturated zone
(possibly as residual NAPL) beneath the point of disposal for an extended period of time. Some
dispersal of the original contamination may have occurred along the upper portion of the
shallow silt layers which underlie the area (see Figures 3-8 and 3-9), however, much of the
contaminant mass appears to have remained in the same vicinity as it was shortly after disposal,
owing to the relatively low solubility in water (1,200 pm or less) of the compounds detected in
the area. It should be noted that the perched conditions in Area 7 would have affected the
contaminant distribution shortly after disposal by causing the contami- nation to move
horizontally along the top of low permeability zones such as silt layers. Over time, though,
extensive VOC penetration into the low permeability layers would have occurred, as indicated
by the high head-space and contaminant concentrations in the silty units. Under such conditions
of extended residence time, any NAPL that might be present could easily penetrate into lower-
permeability units such as sandy silts and clayey silts.
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Section 4
Results of Contaminant Investigation

The pattern of contamination in the vadose zone that has been established in Area 7 is that hot
spots exist which contain light NAPL compounds whose distribution is controlled primarily by
the depth of saturation, rather than by stratigraphy; where silty units are present at or near the
water table, these units have become highly contaminated. At this time, the presence of residual
NAPL in the vadose zone has not been confirmed. Future source studies will need to evaluate
and verify these hypotheses, particularly as they relate to potential remediation, because cleanup
of a NAPL mass in a silty unit will require considerably more time than cleanup of NAPL in a
sandy interval.

The data collected during Phase I and Phase II for Area 7 and anecdotal disposal information
indicate that in addition to the potential for the presence of residual NAPL zones at or above the
water table, the possibility exists for DNAPL zones at depth within the saturated zones. As in
Area 4, no soil borings or wells were completed within the hot spots at depths sufficient to
detect any DNAPL zones. None of the wells completed to the north or west of Area 7 contained
visible DNAPL. Future source studies should make use of the existing Area 7 data to develop a
conceptual model and phased investigation approach. Of primary importance for future studies
would be minimizing the risks of spreading any NAPL contamination that may be present.

Volume of Contaminated Subsurface Soils in Area 7

A rough estimate of the volume of contaminated soil can be obtained by using the contoured
subsurface soil data in concert with the thickness of the contaminated subsurface interval. For
the case of TCA, Figure 4-15 was used by first measuring the area occupied by each strip of land
between individual contours. Within each of these four areas, an average value was calculated
for TCA concentration and for thickness of the contaminated interval (the latter was compiled
using Figure 4-13). The resulting volume of subsurface soils with TCA contamination above 100
ppb is approximately 260,000 yd?, and the total mass of TCA in these soils is approximately 6150
kilograms.

These estimates are crude, however, for several reasons: 1) the area underlain by contaminated
soils has not been completely delineated, particularly to the north and the northwest - the
isolated occurrence of high contaminant concentrations at SB7-24 suggests that other local hot
spots may exist to the north of the area investigated; 2) the concentration of TCA and other
VOCs in subsurface soils is highly variable, particularly in samples with the highest
concentrations - even duplicate samples display significantly different values than corresponding
investigative samples, probably due to the natural variability in subsurface soils, which in turn
influences contaminant abundance; and 3) the continuity of subsurface contamination between
borings is not known with certainty - significant variability is expected across distances of 70 to
125 feet, the typical distance between borings. The second and third items above are particularly
significant, because different estimates of contaminant abundance in the high-contaminant zones
have an overwhelming effect on total estimated contaminant volumes. As a result, the estimates
of contaminated soil volume and, particularly, contaminant volume, are only first-order
approximations. More reliable estimates would require additional borings at closer intervals
across this extensive source area.
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Comparison with Soil Gas and Geophysical Surveys

The results of subsurface soil sampling compare well with the results of soil gas sampling in
Area 7. Comparison of the subsurface sampling results (see Figures 4-15 through 4-17) with the
soil gas sampling results (see Figures 4-5 through 4-7) reveals that both sampling efforts display
north-south zones of elevated contaminant concentrations centered near the basketball courts; in
both media, especially high concentrations exist from about 100 feet south of the confluence of
the two small valleys (near SB7-10) to near the tennis courts (near SB7-4 and 7-5). Both surveys
show high-PCE zones (relative to TCA and TCE) near the southern part of the grid (near SB7-
14). The proportions of target compounds in the two media are somewhat different, however.
In particular, PCE is much less abundant relative to TCA in soil gas (ratios of PCE to TCA are
generally between 0.02 and 0.40, including the hot spot near SB7-8) than in subsurface soils
(ratios of PCE to TCA are generally between 0.08 and 2.7, including the hot spot near SB7-8).
This contrast is probably a function of higher vapor pressure for TCA (100 mm at 20 C) than for
PCE (14 mm at 20 C). As a result, TCA will tend to volatilize much more readily from
contaminated subsurface soils (most of the contamination is at least 10 to 15 feet below the
ground surface) than PCE. Consequently, in comparing soil gas samples to underlying
contaminated subsurface soils, proportionally higher results for TCA relative to PCE would be
expected, which is what is observed in Area 7.

The results of subsurface soil sampling in Area 7 affirm that the width of the high-contamination
zone in the subsurface is about 100 feet, considerably wider than the geophysical anomalies
(about 40 feet). The subsurface soil sampling also indicates that the depth of the high-
contamination zone generally occupies an interval beginning near the water table and extending
a limited distance (approximately 10 to 20 feet) below the water table. The shallow contaminant
distribution is consistent with the hypothesis that a light NAPL may be present as residual,
which could help account for the greater width of the high-contaminant zone compared to the
geophysical anomalies, in the manner described below. During periods of water-table
fluctuation, contaminants present near the water table would be expected to move to a limited
degree. While the contamination consists of oily, non-aqueous phase liquids that do not mix
extensively with groundwater, such migration is still expected to take place, because this
contamination would tend to exist at or above the water table. Much of this migration would be
vertical, but some horizontal movement is also likely. The net result is a smearing out of the
high-contaminant zone across a wider area than that occupied by the wastes shortly after
disposal. In contrast, solid metallic materials, such as cans and other debris observed in the
former stream valleys in Area 7, would remain in place during fluctuation of the water table. As
a result, geophysical anomalies, which reflect the distribution of buried metals, would show the
same narrow distribution of metallic material as its initial position of disposal.

Extractables, Pesticides, PCBs, and Inorganics

A number of extractable semivolatiles, pesticides, and PCBs were detected in subsurface soils in
Area 7. For the extractables, most of the detections, including all of the highest concentrations,
were in the hot spot NAPL zones. Full subsurface soil sampling results for extractables in Area
7 are presented in Appendix H-5. These include naphthalene (up to 15,000 ppb; highest value
detected at SB7-10A), 2-methylnaphthalene (up to 10,000 ppb; SB7-10A), di-n-butylphthalate (up
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to 2,100 ppb; SB7-10A), diethylphthalate (up to 1,800 ppb; SB7-7F), 2,4-dinitrotoluene (1,500 ppb,
detected at SB7-10A only), bis(2-ethylhexyl)phthalate (up to 1,200 ppb; SB7-24A), and isophorone
(880 ppb; SB7-24B only). Naphthalene is a commonly used chemical employed as an
intermediate in the production of various chemicals, in mothball manufacturing, in preparation
of pesticides, dyes, detergents, wetting agents, and lubricants, among other uses; it is found
naturally in petroleum and coal. The compound 2-methylnaphthalene is used in organic
synthesis and insecticides; like naphthalene, it is a PAH and is therefore found in petroleum and
coal, and is commonly present in waste oils. Di-n-butylphthalate is a plasticizer that is also used
in insect repellants and organic synthesis. Diethylphthalate is a widely used chemical employed
as a plasticizer, in plastic manufacturing and processing, as an ingredient in insect sprays and
explosives, as a denaturant for ethyl alcohol, as a dye application agent and a wetting agent.

The compound 2,4-dinitrotoluene is used in organic synthesis and as an intermediate for
toluidine, dyes, and explosives. Bis(2-ethylhexyl)phthalate is a plasticizer that is also used in
vacuum pumps. Isophorone is used as a solvent for paints, vinyl resins, tin coatings, agricultural
chemicals and cellulose esters; in pesticide manufacturing; and in storing lacquers.

The occurrence of the various extractable compounds detected in the subsurface soil hot spots is
consistent with the concept that the hot spots formed through the disposal of oily wastes,
solvents, and possibly pesticides. Detections of extractable compounds outside the hot spot
zones were low or non-existent for all these compounds; as discussed in the groundwater
subsection (4.8), none of these compounds has migrated to any great extent into groundwater
downgradient from Area 7. The presence of phthalates may not be due to disposal of these
compounds per se, but to the existence of phthalates in plastics, which are likely to be abundant
in the assorted wastes present in the Area 7 disposal area. The phthalates are most abundant in
the samples containing high concentrations of compounds capable of dissolving them, such as
xylene, toluene, and chlorinated solvents (such as SB7-7F, SB7-10A, and SB7-24A); the presence
of the higher phthalate concentrations in these samples may be due to their enhanced solubility
in such samples.

The pesticides have a distinctive distribution in subsurface soils in Area 7, with all the detections
occurring in two areas: the southern end of the area sampled (at SB7-14 and SB135) and the
northern end (at SB7-24). The highest detections were methoxychlor (up to 33 ppb; highest value
detected at SB7-24B), aldrin (15 ppb, detected at SB7-14D only), 4,4'-DDE (up to 12 ppb; SB7-
14D), -chlordane (9.8 ppb; SB7-14D only), and endosulfan II (6.2 ppb; SB7-14D only); other
compounds were detected at less than 5 ppb, and in one or two samples. Detections of pesticide
compounds outside the noted locations were low or non-existent for all these compounds; as
discussed in the groundwater subsection (4.8), none of these compounds has migrated to any
great extent into groundwater downgradient from Area 7. Full subsurface soil sampling results
for Area 7 pesticides are presented in Appendix H-5.

Detections of PCBs in subsurface soils in Area 7 were mainly in the central portion of the area
sampled, from SB7-1 to SB7-9. The highest PCB concentrations were in the hot spot zones:
aroclor-1254 was detected at up to 2,500 ppb (highest concentration was at SB7-9E), and aroclor-
1232 at up to 490 ppb (highest at SB7-8D); other detections were at SB7-14D (aroclor 1254 at 430
ppb) and near the hot spots at SB7-5E (aroclor-1242 at 170 ppb) and at SB7-1E (aroclor-1260 at 58
ppb). Detections of PCBs outside the noted locations were low or non-existent for all these
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compounds; as discussed in the groundwater subsection (4.8), none of these compounds has
migrated to any great extent into groundwater downgradient from Area 7. Full subsurface soil
sampling results for Area 7 PCBs are presented in Appendix H-5.

As might be expected, a number of inorganic constituents were detected in subsurface soils in
Area 7 (full subsurface soil sampling results for Area 7 inorganics are presented in Appendix H-
6). However, most inorganics do not display particularly high variability across Area 7 or in
comparison to subsurface soil samples from areas apparently not impacted by contamination.
Most of the variation between samples is a function of the natural differences in composition of
silts and clays versus that of sands and gravels. Silty and clayey samples such as SB7-1E, 7-4E,
7-6F, 7-9], 7-14C, and 7-24B consistently have higher concentrations of aluminum, arsenic,
barium, copper, lead, potassium, and zinc than sandy and gravelly samples such as SB7-3F, 7-71,
and 11D, and samples from Areas 2, 4, 11, and 14 (see boring logs in Appendix A for the full
listing of subsurface soil sampling depths and sample characteristics).

Results from samples at locations believed to be unaffected by inorganic contamination (SB112,
SB7-15, SB133) can be used to estimate local background levels for the various naturally-
occurring inorganic constituents. At location SB7-10A and SB7-24A, results for several inorganics
are higher than these estimated background concentrations by factors of greater than two, as
well as being considerably higher than the typical values found in soils of the eastern United
States (Shacklette and Boerngen, 1984). These constituents are copper (45.7 ppm at SB7-10A,
versus estimated background of less than or equal to 15 ppm), lead (88.6 ppm at SB7-10A;
background 7 ppm), mercury (0.73 ppm at SB7-10A; background below detection limit of 0.12
ppm), selenium (1.3 ppm at SB7-24A; background below detection limit of 0.25 ppm), and zinc
(80.2 ppm at SB7-10A; background 30 ppm). In addition, cyanide was detected at SB135F at a
concentration of 1.3 ppm (background estimated to be below detection limit of 0.12 ppm).
Elevated levels of inorganic constituents such as these are commonly noted in waste solvents
and oils; their concentrations in NAPL samples (SB7-10A, SB7-24A) are consistent with the
Opostulated waste solvent or waste oil origin of the ONAPL material. As 0000discussed in the
groundwater subsection (subsection 4.8), none of these constituents has migrated significantly in
groundwater downgradient from Area 7; cyanide shows limited mobility only.

4.5.1.4 Area 9

One subsurface boring was drilled and sampled in Area 9 (see Figure 4-23) to investigate the
existence of VOC contamination at a location with moderately elevated detections of target
compounds in soil gas (TCA, PCE, and TCE at 91 to 120 ug/L). Additional borings were not
possible due to the presence of utilities. In this boring (SB9-1), none of the subsurface soil
samples displayed detectable VOCs in field head-space screening, and there was no visual
evidence of contamination in any sample. Based on the lack of response in head-space
screening, one sample was selected for laboratory analysis (the sample nearest to and above the
water table); a duplicate was also collected. For volatiles and semivolatiles (which include
extractables, pesticides, and PCBs), PCE was the only compound detected, at a concentration of 5
ppb in both sample and duplicate. The detection of PCE in subsurface soil is consistent with its
detection in the soil gas sample. This one data point is not sufficient to evaluate any
contributions to groundwater contamination from potential sources within the area.
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The soil gas samples and the one soil boring in Area 9 were located in the western portion;
access problems precluded investigation of the eastern part of Area 9. As the elevated soil gas
concentrations were not closed off to the east, the eastern part of Area 9 remains suspect. There
is insufficient data from the western portion of Area 9 to fully evaluate any contaminant source
of VOCs to groundwater. Area 9 was retained for further investigation as a potential
contaminant source. Further work included installation of monitoring wells at four locations
(MW123, MW124, MW125 and the MW126 nest), MW123 and MW124 are downgradient from
the western portion of Area 9 and MW125 and the MW126 nest are located roughly
downgradient (southwest) of the eastern part of Area 9.

4.5.1.5 Area 11

Subsurface soil sampling was conducted in Area 11 to investigate an area with reports of
elevated petroleum-related compounds and chlorinated VOCs in soils and groundwater. Due to
access limitations, soil gas sampling was conducted only in the southwestern part of Area 11 in
Phase II of the RI, in the parking lot of the Villa da Roma Restaurant (formerly part of the
Rockford Varnish facility). Though no elevated concentrations of the target compounds, TCE,
PCE and TCA were detected in this area, these samples were collected south of the area with the
reported contaminant releases (based on responses to USEPA 104E requests). As a result, when
access was acquired to the northern part of Area 11, subsurface soil sampling was conducted
across the latter area. This northern area comprises the former railroad right-of-ways south of
the current Rohr Manufacturing building (and north and northeast of the soil gas samples at
Villa da Roma).

Eleven subsurface borings were drilled and sampled in Area 11, including one in which well
MW128 was installed. Subsurface soil sampling in Area 11 showed contaminated soils across a
broad area. As shown in Table 44, all borings in Area 11 except SB11-2 and 11-3 had samples
with elevated organic vapor concentrations based on head-space field screening; these samples
also showed olfactory and visual evidence of contamination by an oily product.

Analytical results and head-space screening for the subsurface soil samples show that there are
two distinct areas of VOC contamination in Area 11 (western and eastern), separated by a central
zone with relatively low contaminant concentrations. Though the proportions differ, VOC
contamination in both areas is dominated by the aromatic compounds toluene, ethylbenzene, and
xylene, (ETX) generally at very high concentrations ranging up to 1,400 ppm, 590 ppm, and 2,200
Ppm, respectively. The abundance of these compounds in Area 11 may result from their
common uses in paint thinners and in solvents for paints, coatings, and varnishes; this is
consistent with the former use of the Rockford Varnish property to the south. In addition to the
aromatic compounds noted, moderate concentrations (410 to 2,200 ppb) of methylene chloride,
benzene, and TCE were reported from one sample each, and relatively low concentrations (less
than 50 ppb) were reported for several other compounds, including acetone, methylene chloride,
TCA, and carbon disulfide (see Figure 4-24). It is possible that the high concentration of ETX
compounds has masked the presence of other VOCs, such as chlorinated compounds. The
samples with high ETX levels were diluted and have elevated detection limits, so ppb levels of
other VOC would not have been detected.

CDM Camp Dresser & McKee 4-66

\1681-07\phasell
January 30, 1995



{ ( { ( ( ( f ( { ( ( ( ( ( { (
TABLE 4-4
Summary of Subsurface Soil Sampling Results, Area 11
Sample |Depth, |Organic Vapors, Analytical Results? Sample |Depth, |Organic Vapors, Analytical Results 2
Number | feet! |ppm:scan/ Total VOCs, [Total Chlorina- Number | feet! |ppm:scan/ Total VOCs, |[Total Chlorina-
head space ? ppb ted VOCs, ppb head space 3 ppb ted VOCs, ppb

SB11-1A |5-7 -/0 - -- SB11-4A  |5-7 0/0 - --
SB11-1B_ ]10-12 -/0 -- - SB11-4B  {10-12 0/0 - -
SB11-1C  {15-17 -/0 - - SB11-4C  }15-17 0/0 - -
SB11-1D  {20-22 -/0 - -- SB11-4D  [20-22 0/0 -- -
SB11-1E  ]25-27 4.2/0.4 - - SB11-4E  [25-27 * 0/0 -- -
SB11-1F_ {30-32* 3.3/09 -~ - SB11-4F  |30-32* 20/45 - -
SB11-1G_ |35-37* 90.5/134.4 1,186,000 N.D 5B11-4G  }35-37* 233/247 307,000 N.D
SB11-1H [40-42* 26.7/16.6 - - SB11-4H [40-42* 40/57 - -
SB11-11  |4547* 13.3/0.4 - - SB11-41  |45-47* 8/34 -- --
SB11-1]  |50-52* 0/0 214;1 13; 1 SB11-4]  150-52 * 8/27 -- -

5B11-4K |55-57 * 0/7 - -
SB11-2A  |5-7 0/0 - -- SB11-4L  |60-62 * 0/1.5 97 5
SB11-2B  |10-12 0/0 - --
SB11-2C  |15-17 0/0 -- -- SB11-5A (5-7 0/0 - --
SB11-2D  120-22 0/0 11 N.D SB11-5B  |10-12 0/0 - -~
SB11-2E _ ]25-27* 0/0 -- - SB11-5C [15-17* 14.3/3.2 -- -
SB11-2F  |30-32* 0/0 -- -- SB11-5D |20-22 * 1.8/4.6 -- -~

SB11-5E  |25-27 * 3.6/9.2 - --
SB11-3A |57 0/0 - - SB11-5F |30-32* 16.6/7.4 - --
SB11-3B_ |10-12 0/0 - -- SB11-5G_ [35-37 * 102/86.8 - --
SB11-3C  |15-17 0/0 - - SB11-5H [40-42* 120/87.5 910,000 N.D
SB11-3D  |20-22* 0/0 69 49 SB11-51 {4547 * 1.8/9.2 - --
SB11-3E  ]25-27* 0/0 -- -- SB11-5] |50-52* 04/2.3 -- -
SB11-3F  130-32 * 0/0 - -~ SB11-5K |55-57 * 09/2.7 760 N.D

! - Asterisk indicates sample is saturated
2 - Second value refers to result for duplicate sample
3 - Readings measured with OVM
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TABLE 4-4 (continued)
Summary of Subsurface Soil Sampling Results, Area 11
Sample |Depth, |Organic Vapors, Analytical Results 2 Sample |Depth, |Organic Vapors, Analytical Results 2
Number | feet! |ppm:scan/ Total VOCs, |Total Chlorina- Number | feet! |ppm:scan/ Total VOCs, |Total Chlorina-
head space 3 ppb ted VOCs, ppb head space 3 ppb ted VOCs, ppb

SB11-6A |5-7 0/0 - - SB11-9A |5-7 0/0 -- --
5B11-6B  110-12 0/0 - - SB11-9B  |10-12 0/0.4 - --
SB11-6C  |15-17 0/0 - - SB11-9C  |15-17 0/0.8 - -~
SB11-6D  ]20-22 * 0/0 - - SB11-9D [20-22 0/0.4 - -
SB11-6E  |25-27 0/0 - - SB11-9E 25-27* 0/0.4 - --
SB11-6F 130-32* 0/3.2 - - SB11-9F |30-32* 0/1.3 - --
S5B11-6G  |35-37* 79.9/40.2 40 24 SB11-9G  }135-37* 0/44 56 53
SB11-6H 40-42* 20.9/33.1 - -- SB11-SH |40-42* 0/4.4 - --
SB11-61  |45-47 * 0/04 42 33

SB11-10A |5-7 0/0 -- --
SB11-7A {5-7 0/0 -- -- 5B11-10B |10-12 0/0 -- -~
SB11-7B_ {10-12 0/0 - - 5B11-10C {15-17 0.7/0.1 - -
SB11-7C_ {15-17 0/0 - - SB11-10D |20-22 3:2/0.1 - -
5B11-7D  |20-22 0/0 - ~ SB11-10E }25-27 5.0/0.4 - -
SB11-7E  |25-27 0/- - -] SB11-10F |30-32* 13.0/5.6 - -
SB11-7F  [30-32* 3.2/330 - -- SB11-10G |35-37 * 500/320 4,291,500 N.D
SB11-7G _|35-37* >1000/>1000 524,410 410] SB11-10H |40-42* 450/280 - -
SB11-7H |40-42* >1000/>1000 -~ -- SB11-101 |45-47* 20.0/11.0 -~ -
SB11-71  [45-47 * 20.8/79.9 - - SB11-10] |50-52 * 1.5/18.0 39 N.D
SB11-7}  |50-52* 43.5/91.9 -~ -
SB11-7K  |55-57 * 8.0/53.3 13 N.D SB128 5-7 -/0 - --

SB128 10-12 -/3.2 -~ --
SB11-8A |5-7 0/0 - -- SB128 15-17 -/6.4 - -
S5B11-8B  [10-12 0/0 - - SB128 20-22 -/54 - -
SB11-8C _ [15-17 0/0 - - SB128 25-27* -/3.8 - -
SB11-8D |20-22 0/0 -- ~= SB128 30-32* -/5.0 -~ --
SB11-8E  [25-27 * 0/0 - - SB128 35-37 * -/200 -= --
SB11-8F [30-32* 0/11.2 -- -- SB12BA  |40-42* -/300 1,690,000 N.D
SB11-8G _ |35-37 * 2510/394 47,200 2,200 SB128 45-47* -/35 - -
SB11-8H [40-42* 30.6/3.2 -- -~ SB128 50-52 * -/30 -- -
SB11-81  |45-47* 1.6/9.6] 2,100;2,900]  2,100; 2,900 SB128B  |55-57* -/6.0 258 N.D

SB128 60-62 * -/4.0 - --

1 - Asterisk indicates sample is saturated
2 - Second value refers to result for duplicate sample
3 - Readings measured with OVM, except for samples from 20 through 62 feet at MW128




( ( ( (

( (

f ( ( ( ( ( (

( ( ( (

E\CAD\168I\7\RI\RIRPT\ FiG4-248 01/26/95 1411529 0:33:52 R. SELIGA, NMW-CHI
LEGEND:
SBII-4@®  SOIL BORING LOCATION WITH PEAK SAMPLING RESULTS (SEE BOX ABOVE)
MWI29Q  COM/IEPA MONITORING WELL
wi0€) OTHER MONITORING WELL
X  PHASE I SOIL GAS SAMPLING LOCATION
‘ - Toluene Depth of highest-contamination
PARKING 35 g38°d88° L Ethylbenzene tur‘r’np e for Qho Indlcated boring
2,300,000 | Xylene with VOC results In ppb
1500 BENZ N
-
lL‘uJ LOT ABBREVIATIONS: ACE Acetaone
o BENZ Benzene
5 MC Methytene Chloride
£ DUMPSTER * !
Z ¢
35[1,400,000 , /
v £30,000 ROHR MANUFACTURING  — J .
1 2,300,000 (FORMERLY ROCKWELL GRAPHICS SYSTEMS)
- 1500 BENZ o & !
35°[ 150,000 20 2 351 9 20°
64,000 a2 a2 T .
310,000 <2 a2 3 /
410 TCE .8 AcE . !
SBII-I}. 53“'7(53n-2 :Bégs W10 .
SBI|- - ——GATE
MWI284) spp-5@ BT X BI-8 gSBI9 — Q Mwi29 |
) X \ PARKING
351 «
FORMERLY a5 ol e
ROCKFORD 2
VILLA VARNISH :
DA ROMA (FORMERLY ABOVE-GROUND TANKS LoT
X RESTAURANT Lgﬁ‘gng |s ROCKFORD OUND
) COATINGS) N . . . .
35’ 43,000
$hels HARRISON AVENUE
40| 470,00 :10' 230,000 351 930,000 35°1290,000 "o .
A RS ) TR | -0
’ ’ "44 ACE ' ™ ™ g ——
13 60 0 120

CDM

environmental engineers, sclentists,
planners, & management consultonts

SOUTHEAST ROCKFORD GROUNDWATER CONTAMINATION STUDY

SUBSURFACE SOIL SAMPLING RESULTS

POTENTIAL SOURCE AREA 1

Figure No. 4-24




Section 4
Results of Contaminant investigation

The western and eastern portions of Area 11 appear to have different chemical signatures. In the
western zone, ethylbenzene was detected in each boring and xylene was generally more
abundant than toluene (about twice the concentration of toluene in four of the five borings; in
the fifth, xylene was about 20% the concentration of toluene; see Figure 4-24). In the two borings
with high detections in the eastern portion, however, toluene was by far the most abundant
contaminant, with xylene being detected at about 5% of the concentration of toluene; in addition,
ethylbenzene was not detected in either boring. The western portion of Area 11 appears to
constitute a contiguous source of contamination by aromatic VOCs. The extent of this
contaminated area is not known to the north, west, and south, because of access and structural
limitations on drilling. However, based on the distribution of VOCs observed in soil borings as
illustrated in Figure 4-24, the minimum size of the western high-contamination portion of Area
11 is an east-west rectangle with dimensions of about 30 by 120 feet. The eastern contaminated
portion of Area 11 appears to be smaller than the western, though the southern and northeastern
limits are not known; if contamination does not extend far in either of these directions, then the
dimensions of this contaminated area would be roughly 40 by 80 feet.

The depth of the contaminated soil volume in Area 11 can be estimated from the field head-
space measurements. While only one or two samples per boring were submitted for laboratory
analysis, head-space measurements were collected for all subsurface samples collected, and
therefore provide the best indicator of the vertical extent of contamination. Though head-space
measurements were detectable for many samples, only those samples with head-space
measurements greater than 75 ppm correlated with very high contaminant concentrations based
on analytical results (greater than 40,000 ppb of total VOCs; see Table 4-4). All the samples with
head-space results less than 75 ppm correlated with relatively low contaminant concentrations
(less than 3,000 ppb total VOCs). Given the correlations observed between head-space results
and associated analytical results, the vertical extent of the high-contamination zone was
estimated based on the approximate thickness of the zone with head-space concentration greater
than 75 ppm, and is shown on Table 4-4. This interval ranges from zero to 25 feet thick across
Area 11, and is zero to 10 feet thick in 10 of the 11 borings (see Table 4-4). This high-
concentration zone generally encompasses the interval from about 32.5 to 37.5 feet but is also
observed between 40 and 42 feet at SB11-128 and SB11-5. During drilling, the water table was at
a depth of about 24 to 28 feet in Area 11; however, Area 11 drilling was conducted in August
1993, when water levels were still somewhat higher than normal in the aquifers. Measurements
collected at other times (October 1993 CDM water level survey and ISWS surveys) show that the
water table is typically at about 30 feet. As shown in Table 4-4, head-space results decline at all
locations with increasing depth below the water table. The composition and vertical pattern of
the high contamination zone in Area 11 suggests the possibility of light NAPL (LNAPL) residual
with minor DNAPL components. No specific testing was performed in Phase II to characterize
or confirm the suspected NAPL near the water table. Monitoring wells were not screened at the
water table interface in Area 11 so the presence of NAPL in wells could not be evaluated. The
presence of residual NAPL is suspected based on the common presence of sticky, gray zones in
the samples with high head-space results. In addition, concentrations of toluene and xylene (up
to 1,400 ppm and 2,200 ppm, respectively) are higher than the solubilities of these compounds in
water (515 and about 200 ppm, respectively). Based on the general lack of visible organic carbon
in the sands of this area, sorption is not likely to account for the excess of these compounds
above their water-solubilities; residual NAPL is a likely explanation for the high contaminant
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Section 4
Results of Contaminant Investigation

concentrations. The high concentration of aromatic compounds in subsurface soils from Area 11
is consistent with the derivation of the contamination from varnish disposal.

As shown in Table 4-4, in Area 11, chlorinated VOCs were detected at low concentrations in
subsurface soils in non-diluted samples. Most of these detections were less than 50 ppb. The
two exceptions are in SB11-7 where TCE was detected at 410 ppb and SB11-8 where methylene
chloride was detected at 2,200 ppb. These detections do not result from groundwater
contaminant transport from upgradient sources, because these compounds are not present at
elevated concentrations upgradient from Area 11 (TCE is no more than 28 ppb in upgradient
wells, and methylene chloride is undetectable). There are eight soil samples in Area 11 where
detection limits were elevated by 3 or 4 orders of magnitude. It is likely that any chlorinated
VOCs in these samples were masked by the high concentration of the ETX compounds. In
general in the study area, the results of groundwater and subsurface soil samples from similar
depths show that, in contaminant plume areas away from contaminant source areas, soil samples
have contaminant concentrations of less than 100 ppb (see subsection 4.5.2). Therefore, the
presence of significantly higher concentrations of methylene chloride and TCE in subsurface soils
in Area 11 suggests the presence of localized sources of these contaminants in subsurface soils
within Area 11. For TCE, this idea is consistent with the results of groundwater sampling in
Area 11: as discussed in subsection 4.8, TCE was noted in one groundwater sample from Area 11
(IW11); however, methylene chloride was not detected in downgradient groundwater samples.

It is also possible that other chlorinated VOCs are present but were not detected due to sample
dilution.

TICs were reported from the VOC or semivolatile scan from most Area 11 samples, being most
abundant in the high-concentration samples. These compounds were primarily unspecified
alkanes, aromatics, and unknown hydrocarbons, and their total concentration was between 0.1
and 1.8 times that of the total of TCL compounds. As the primary TCL compounds (toluene,
xylene, and ethylbenzene) and the TICs in Area 11 soils are all probably lighter than water, it
can be concluded that any NAPL zones that may be present in Area 11 would be light NAPLs
and exist at or above the water table. Because of the potential for the presence of LNAPLs in
this area, additional source investigation studies should be performed in a phased manner, as
previously described for Areas 4 and 7.

4.5.1.6 Area 12

Subsurface soil sampling was performed in Area 12 in order to investigate the existence and
extent of VOC contamination in an area with moderate to very high concentrations of TCA, TCE,
and PCE in soil gas samples. As noted above, soil gas sample SG12-4 had the highest
concentrations of each of the target compounds for any soil gas samples collected in Phase I or
II. Seven soil borings were drilled and sampled in Area 12. The results of subsurface soil
sampling are summarized in Figure 4-25, which shows results for the sample with the highest
concentration of chlorinated VOCs from each boring (one of the two samples collected from each
boring).

Figure 4-25 shows that the subsurface soil VOC results in Area 12 are highly skewed, with very
high concentrations limited to boring SB12-3. At this location, the 10- to 12-foot sample (SB12-
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Results of Contaminant Investigation

3B) contained 82 ppm of PCE, and ppm-level concentrations of several other contaminants
(ketones, ETX compounds). Concentrations found in SB12-3 are greater than those from other
borings by a factor of about 300. The anomalously high VOC concentrations in SB12-3 may be
indicative of the presence of NAPL-type contamination there, based on a similar calculation for
PCE as was performed for Area 7 samples. The next-highest result for subsurface soil sampling
in Area 12 was from SB12-1, located some 120 feet north of SB12-3, where the concentration of
total VOCs was 8,140 ppb. At this location, however, chlorinated VOCs constitute only a small
fraction of total VOCs; PCE was present at 250 ppb, while 2-butanone was reported at 7,400 ppb.
The compound 2-butanone is a water-soluble ketone. As a result, NAPL-type contamination at
SB12-1; the relatively high head-space results at this location probably result from elevated
concentrations of 2-butanone, rather than chlorinated VOCs. This conclusion is consistent with
the low soil gas sampling result from 5G12-9, located within a few feet of boring SB12-1. As
noted for Area 11, the head-space screening results are useful in estimating contaminant
concentrations in Area 12 at depth intervals where samples were not collected (see Table 4-5).
Similar to Area 11, head-space values less than 75 ppm correspond with relatively low analytical
results for total VOCs (less than 10 ppm); for SB12-3B with a head-space result of 178 ppm, the
analytical results for total VOCs were 226 and 71 ppm (sample and duplicate results). Using a
75-ppm threshhold to indicate high-concentration VOC samples, an initial estimate of the
thickness of the high-concentration, zone could be approximated as 15 feet in the vicinity of
SB12-3. Based only on the subsurface soil sampling results, the areal extent of the high-
concentration zone is difficult to estimate; however, it appears to be less than 140 feet square,
based on the lack of high-concentration hits in other borings. The soil gas sampling results are
also useful in this assessment, and depict a rapid decline in concentrations of the target VOCs
away from the SB12-3 location. Such a pattern in the soil gas results suggests that the high-
concentration VOC zone in the subsurface does not extend far away from SB12-3, making the
140-foot-square estimate a maximum.

Based on limited knowledge of facility operations and the soil gas, headspace and soil boring
data, the potential exists for DNAPL zones in Area 12. Residual NAPL in the vadose zone is
suspected based on data from Phase II sampling, especially near SB12. It is also possible
DNAPLSs are present at depth beneath the site as some of the compounds stored at the facility
(PCE, TCE) have a specific gravity greater than 1 and would sink. No specific sampling was
conducted to characterize or confirm the presence of NAPLs above or below the water table.
Any additional study in this area should take into account the possibility of NAPLs.

Subsurface soil sampling data from Area 12 shows an extensive area of low-concentration
contamination by VOCs. Beyond boring SB12-3, the highest PCE concentration from other Area
12 borings was 250 ppb at SB12-1 (see Figure 4-25). SB12-1 appears to be located in a
contaminant source area for VOCs based on elevated head-space concentrations throughout the
unsaturated zone. However, as noted above, this source area at SB12-1 is dominated by non-
chlorinated VOCs (mainly 2-butanone). Other elevated concentrations of chlorinated VOCs were
reported from SB12-2 and 12-4. Borings SB12-2, 12-4, and 12-5 are located roughly downgradient
of the zone of high contaminant concentrations at SB12-3. The results of head-space screening
show that, at these downgradient locations, the saturated zone has higher VOC concentrations
than the unsaturated zone (in contrast to the source areas represented by SB12-3 and SB12-1; see
Figure 4-8). This fact implies that some downgradient transport of VOC contaminants in
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TABLE 4-5
Summary of Subsurface Soil Sampling Results, Area 12

! { [ ( { ( { l
Sample |Depth, |Organic Vapors, Analytical Results 2
Number | feet!' |ppm:scan/ Total VOCs, Total Chlorina-

head space? ppb ted VOCs, ppb
SB12-1A  |5-7 4.3/6.0 - -
SB12-1B {10-12 38.4/30.0 -~ -
S5B12-1C  |15-17 44.0/7.0 - -
5B12-1D _ |20-22 158/73.0 130 130
SB12-1E  |25-27 54.5/62.0 - --
SB12-1F  130-32 29.3/16.0 - --
SB12-1G _ |35-37 * 59.0/115 - -
SB12-1H |40-42* 10.4/8.0 8,140 560}
SB12-2A |5-7 -/0 84 48
SB12-2B _ |10-12 -/0 - -
SB12-2C  |15-17 -/0 - -
SB12-2D  |20-22 -/0 - -
SB12-2E  |25-27 -/0 - --
S5B12-2F  {30-32 -/1.0 -- -
SB12-2G  [35-37 * -/9.0 -- -
SB12-2H |40-42* -/22.0 286 141
SB12-3A |5-7 203/108 - -
S5B12-3B  [10-12* 438/178] 226,080; 71,470} 90,080; 19,570
SB12-3C  {15-17* 308/188 - -
SB12-3D  {20-22 15.4/24 - -
SB12-3E  |25-27 5.1/51 - -
SB12-3F  }30-32 17.7/12.9 - -
SB12-3G  |35-37* 30.9/- - --
SB12-3H |40-42* 344/- 9,080 2,000]

! - Asterisk indicates sample is saturated with water or product
2- Second value refers to result for duplicate sample
3 - Readings measured with OVM

Sample |Depth, [Organic Vapors, Analytical Results 2
Number | feet' |ppm:scan/ Total VOCs, |Total Chlorina-
head space ? ppb ted VOCs, ppb
SB12-4A |5-7 0/0 -- --
SB12-4B [10-12 0/0 - -
SB12-4C |15-17 0/0 - -
SB12-4D ]20-22 3.0/9.0 -- --
SB12-4E }25-27 17.4/10.0 - -
SB12-4F |30-32 11.3/0 17 3
SB12-4G }35-37* 10.0/40.4 - -
SB12-4H ]40-42* 7.2/33.0 258 185
SB12-5A |5-7 0/0 - -~
SB12-5B  |10-12 0/0 -- --
SB12-5C |15-17* 0/5.0 -- -
SB12-5D [20-22* 1.4/9.0 22 6
SB12-5E  [25-27 0/0 - --
SB12-5F 30-32 0/0 36 10}
SB12-5G |35-37* 5.5/68.0 -- --
SB12-5H |40-42 * 3.2/53.0 -- --
SB12-6A |5-7 0/0 - -~
SB12-6B  |10-12 0/0 - -
SB12-6C {15-17 0/0 - -
SB12-6D  |20-22 0/0.6 - -
SB12-6E  |25-27 0/0.2 -- --
SB12-6F }30-32 0/2.2 49 28
SB12-6G  |35-37* 2.2/13.3 - --
SB12-6H [40-42* 0.2/5.5 63 12
SB12-7A |5-7 0/0 - -
SB12-7B  |10-12 0/0 - -
SB12-7C  |15-17 [no sample] - --
SB12-7D ]20-22 1.0/0 - --
SB12-7E  |25-27 0/0 -- -
SB12-7F  |30-32 0/0 46 10}
SB12-7G |35-37* 0/0 -- -
SB12-7H [40-42* 0/0.2 100 30}
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groundwater occurs in Area 12. Upgradient borings SB12-6 and 12-7 contain low contaminant
concentrations (less than 30 ppb of total chlorinated VOCs) in subsurface soils. It is unclear
whether such concentrations are due to a near-surface source in this area, or due to migration in
soil vapor or through dispersion in groundwater from the major source near SB12-3.

The existence of elevated concentrations of PCE, TCE, and TCA in subsurface soils near the
southwestern corner of the tank farm in Area 12 was expected, based on the soil gas survey
performed earlier in Phase II. However, the relative proportions of PCE, TCE, and TCA in
subsurface soil samples is different from expectations. TCA was the compound present at the
highest concentrations in soil gas samples, followed by TCE and then PCE. However, this order
of abundance was the opposite in the subsurface soils, where PCE was at much higher
concentrations than TCE or TCA, particularly in the highest concentration sample (5B12-3B). The
reason for this discrepancy is unclear, but the heterogeneous nature of subsurface soils plays a
part: the duplicate sample from SB12-3B (SB12-3B[D]) contained much higher proportions of TCE
and TCA to PCE (about 30% and 10%, respectively) than in SB12-3B. The discrepancy is also
probably a function of the higher mobility of TCA and TCE (due to higher vapor pressures)
relative to PCE. Other aspects of Area 12 contamination are consistent between the soil gas and
subsurface soil sampling efforts, including: 1) the existence of high concentrations of the target
compounds (concentrations greater than 1,000 pg/L in soil gas, and ppm-level concentrations in
subsurface soils); 2) the location and extent of the high-contaminant zone (limited to the area
near SB12-3); and 3) the existence of a broad area of low-concentration samples away from this
zone.

TICs were reported from the VOC or semivolatile scan in most Area 12 subsurface soils. These
TICs include aromatics (trimethylbenzene and others), alkanes (unspecified), ketones, and amides
at ppm-levels. TICs were most abundant in the high-concentration sample (SB12-3B and its
duplicate), where they were reported at total concentrations of two to three times the
concentrations of total chlorinated VOCs. The non-chlorinated compounds in Area 12 samples
(including TCL compounds acetone, xylene, and the TICs) all have relatively low specific
gravities of less than 0.9; as the total of these compounds is more than three times that of total
chlorinated VOCs, the contaminant mixture in Area 12 likely has a specific gravity less than 1.0.

4.5.1.7 Area 14

Subsurface soil sampling in Area 14 focused on the area around the chip pit, where a previous
investigation showed that underlying soils contained high concentrations (ranging from 75 to
1,020 ppm) of the target compounds and other chlorinated organics. Removal of contaminated
soils at the chip pit occurred in late 1987 or 1988. In the Phase II RI, soil gas survey results
yielded eight samples near the chip pit with target compound concentrations greater than 1
pg/L (peak concentration was 16 pg/L of TCA); three borings were drilled in this area (SB14-1,
14-2, and 14-3; see Figure 4-26). An additional boring (SB14-4) was drilled in the area north of
the chip pit and near the railroad tracks, where disposal may have occurred.

Analytical results from subsurface soil sampling in Area 14 showed low concentrations of
chlorinated VOCs, including TCA, PCE, TCE, and 1,1-DCA which were detected at
concentrations of 6 ppb or less in all samples; 1,2-DCE (total) was detected in one sample (SB14-
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3A) at 48 ppb, but only one other detection (SB14-1G at 2 ppb) was noted for this compound.

As a result, there is no chemical evidence of a significant ongoing VOC contaminant source at
the chip pit. Sample SB14-3A, collected at five to seven feet, contained a black, oily product that
showed elevated concentrations of PAH compounds (7,380 ppb), but relatively low
concentrations of chlorinated VOCs or other VOCs (the peak VOC concentration was 1,2-DCE
[total] at 48 ppb). Neither underlying samples (SB14-3C from 15 to 17 feet) was analyzed, nor
did surrounding samples have detectable PAH concentrations, indicating limited mobility of
these compounds. Slightly elevated head-space concentrations (2 to 15 ppm) were noted in deep
samples (35 to 47 feet) from SB14-2. Based on the possibility that contamination at such depths
and concentrations could have migrated to SB14-2 via the groundwater, samples were not
analyzed from these depths.

Source Area 14 does not appear to be a significant on-going contaminant source based on the
lack of detectable head-space concentrations in the unsaturated zone samples at SB14-2,
combined with low head-space concentrations in the saturated zone and low VOC concentrations
in analyzed samples. This conclusion is supported by the results of the soil gas survey, which
showed low to undetectable concentrations of the target compounds across Area 14. However,
the chip pit area may have acted as a VOC contaminant source before its removal and the
removal of associated contaminated soils in late 1987 or 1988.

4.5.2 Results of Subsurface Soil Sampling Outside Potential Source Areas

Subsurface soil samples were collected from outside contaminant source areas at well nests
MW114, MW119, MW126, MW130, MW133, and MW138 (three samples at each nest). Full
analytical results are shown in Appendices H-4, H-5, and H-6. These samples were collected to
provide information on contaminant partitioning between the groundwater and solid phases of
the aquifers in the contaminant plume. Of the six wells sampled, detections were noted in
samples from MW114, MW130, and MW133 (the soil samples are referred to as SB114, SB130,
and SB133). The lack of detections in SB119 and SB138 are consistent with the generally low
groundwater sampling results for those wells. However, the lack of detections in SB126 is not
consistent with the generally high contaminant concentrations detected in wells MW126A and B;
the explanation for this inconsistency may be its location in the western part of the study area,
where the aquifer has low proportions of silt and clay, and adsorption is relatively less extensive
(see discussion of SB114 and SB130 samples below).

Of subsurface soils from the remaining well nests, the highest results were from sample SB133H,
where total VOCs were detected at 244 ppb. This sample, collected from 50 to 52 feet, was from
part of the interval screened by MW133B (screened at 48 to 58 feet). MW133B was the highest-
contaminated well among the wells listed above (total VOCs present at 2,967 ppb). In sample
SB133H, TCA was the highest-concentration compound detected at 70 ppb, followed by PCE (58
ppb), 1,2-DCE (total) (43 ppb), TCE (38 ppb), and 1,1-DCA (12 ppb). These compounds were
also the ones detected at the highest concentrations reported from the groundwater sample at
MW133B.

The ratio of the concentration of a contaminant in the solid phase of an aquifer sample to its
concentration in a coexisting groundwater sample is termed the distribution coefficient, K.
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The distribution coefficient is characteristic of both the contaminant and the aquifer material; its
significance is as a measure of the tendency of the contaminant to sorb onto the solid matter of
the aquifer in question. The higher the distribution coefficient, the greater the tendency for the
compound to sorb, and the slower its migration in groundwater due to this retardation.
Distribution coefficients can be calculated for the contaminants detected in sample SB133H based
on their their concentrations in that formation sample, and making the assumption that the
groundwater sampling results for well MW133B represent a coexisting groundwater sample. The
results of these calculations for the SB133H-MW133B pair yield a range of values from 0.04 L/kg
(mL/g) for 1,1-DCA to 0.36 mL/g for PCE; 1,2-DCE (total), TCA, and TCE have intermediate
distribution coefficients of 0.05 mL/g, 0.06 mL/g, and 0.10 mL/g, respectively. As distribution
coefficients are generally inversely related to solubility, the values calculated for the SB133H-
MW133B pair follow the expected order: the lowest-solubility compound, PCE, has the highest
distribution coefficient, and the highest-solubility compound, 1,1-DCA, has the lowest
distribution coefficient; the other compounds have intermediate solubilities (see Table 4-10 in
subsection 4.9 for solubilities). In addition, PCE will tend to be the slowest-migrating compound
(the most adsorbing) of the group, while 1,1-DCA will tend to migrate the fastest. This pattern
is supported by the groundwater sampling results (see subsections 4.8 and 4.9).

Shallower subsurface soil samples from SB133 (samples SB133B and SB133D) had much lower
concentrations of chlorinated VOCs, which is consistent with their low concentrations (0.8 ppb
total) in shallow well MW133A (screened at 25 to 35 feet). However, results for subsurface soils
collected from SB114 and SB130 were relatively low despite these samples being in the
contaminant plume: the maximum concentration of total VOCs was 15 ppb in these samples.
The distribution coefficient for TCA calculated for the pair SB130H-MW130 yields a result of
0.003 mL/g. Calculations for the SB114C-MW37 pair (MW37, about 350 feet away, is the Phase
II groundwater sample nearest to MW114 and at the proper depth; wells MW114A and B are
located below the contaminant plume) yield distribution coefficients ranging from 0.02 for TCA
to 0.05 for TCE. The reason for the low distribution coefficients is probably due to the second
factor that influences distribution coefficients, which is the character of the aquifer material itself.
As noted in Section 3, west of about 24th Street the unconsolidated aquifer consists mainly of
relatively clean sand with some gravel, but very little silt or clay; east of 24th Street it contains
much more silt and clay (including at MW133, where sample SB133H had a layer of sandy silt).
The greater proportion of silt at MW133 probably accounts for the higher distribution coefficients
at that location, because higher proportions of fine materials such as silt and clay tend to cause
greater degrees of sorption of groundwater contaminants. In this way the subsurface soil data
helps to provide limits on the extent of adsorption of the contaminants of concern during
migration in groundwater.

4.6 Results of Residential Well Sampling

Residential well samples were collected to determine if the groundwater contamination plume
had spread to houses that were not hooked up to the municipal water system during the USEPA
remedial action in 1991. Residential well sampling was conducted June 8 through June 10, 1993
using the methods discussed in subsection 2.11.
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As described in subsection 2.11, residential well samples were collected at individual homes,
preferably from a water source which was not connected to a water softener (such as an outside
tap). Samples were analyzed using Contract Laboratory Program (CLP) Special Analytical
Services (SAS) drinking water detection limit methods for volatile organic compounds. The full
results for residential well samples are presented in Appendix H-7. The results were the subject
of a baseline human health risk assessment (HRA), which is presented in Section 6.

Twenty-four residential wells at twenty-three different addresses were sampled in the study. The
address with two wells is also the only non-single family residential well sampled in the study,
belonging to Barrett's Trailer Park (2131 Harrison), and serving approximately 37 trailers and 5
homes. The sampling indicated VOC contamination with methylene chloride, 1,1-DCE, 1,1-DCA,
cis-1,2-DCE, trans-1,2-DCE, chloroform, 1,2-DCA, TCA, TCE, and PCE. A list of addresses
sampled are provided in Table 6-1. The frequency of detection and range of detected
concentrations for the individual compounds are provided in Table 6-2.

The most prevalent contaminants detected in the residential well samples were TCA and TCE,
detected in 20 out of 24 wells. PCE was detected in 15 wells, and 1,1-DCA was detected in 12
wells; the remainder of the compounds were detected in less than half of the wells sampled.
Contaminants were generally detected in concentrations less than 1 ppb, although in some wells
compounds were detected up to 50 ppb.

The two wells at 2131 Harrison were contaminated with all ten compounds that were detected in
the residential wells sampled. Other wells contaminated with a large variety of compounds
included 1713 Harrison, where seven compounds were detected, and 1726 Pershing, where six
compounds were detected. The highest concentrations of compounds were detected in the wells
on Harrison, and the well at 3237 Eighth Street. The highest concentrations of TCE (8 ppb), cis-
1,2-DCE (10 ppb), and 1,1-DCA (15 ppb) were detected at 2131 Harrison. The highest
concentrations of TCA (50 ppb) and 1,1-DCE (2 ppb) were detected at 1713 Harrison. The
highest concentration of PCE (4 ppb) was detected at 3237 Eighth Street.

The two wells located at 2131 Harrison exceeded a Maximum Contaminant Level (MCL) set by
the Safe Drinking Water Act. The MCL for TCE is 0.005 mg/L, and TCE was detected at 0.008
and 0.006 mg/L in these wells. No other exceedences of MCLs were detected in these residential
wells or in other residential wells in the study. By design, all residential wells sampled in Phase
II are located outside the main portion of the contaminant plume. Comparison of the Phase II
results for residential wells with those obtained from the Operable Unit study (CDM, 1990)
shows that there was little absolute variation in the results between these 1990 and 1993
sampling efforts, with one exception (see Figure 4-27 and Table 6-3 for a comparison of 1990 and
1993 results). The well at 1713 Harrison Avenue had 33 ppb of TCA in 1990, and 50 ppb in
1993. As discussed in subsection 4.8 below, this result suggests that the Area 4 plume, within
which this well is located, has expanded somewhat in the intervening period. Other residential
wells that were sampled are located close enough to the lateral margins of the plumes that they
did not display a well-defined trend toward increasing or decreasing values during the period.
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Though not a primary purpose of residential well sampling, selected residential wells were used
to provide additional data to characterize the nature and extent of groundwater contamination in
the study area. The wells used for this purpose are located in areas where spatial coverage by
monitoring wells is sparse, such as near the southern margin of the contaminant plume.

4.7 Results of Residential Air Sampling

Residential air samples were collected in order to determine if groundwater or soil
contamination was affecting indoor air quality in homes located near known contaminant source
areas (Areas 4 and 7). Residential air sampling was conducted near Area 7 on August 24-26, 1993
and near Area 4 on December 16-17, 1993 using the methods discussed in subsection 2.12.

As described in subsection 2.12, residential air samples were collected by drawing an air sample
into a six-liter Summa canister over a 24-hour period. Samples were analyzed for vinyl chloride,
1,1-DCE, 1,1-DCA, 1,2-DCE (total), TCA, 1,2-DCA, TCE, and PCE using EPA Method TO-14. The
full analytical results for residential air samples are presented in Appendix H-8. Two samples
were collected at each residence: one sample was collected indoors, in a basement location, and
the other sample was collected outdoors. Both canisters were placed in the breathing zone.

Area 7

Residential air samples were collected at fourteen homes near Area 7. These locations are shown
on Figure 4-28. Two of these homes were designated background locations (3212 Edelweiss
Road and 3334 Bavarian Lane). Additionally, one nitrogen blank was collected. No blank
contamination was detected. Nitrogen blanks were filled with 99.998% ultra-pure nitrogen from
a local industrial welding supply firm. Sampling in homes near Area 7 indicated VOC
contamination with TCA, TCE, and PCE.

Outdoor contamination was detected at only one home, 2731 Bavarian Lane, where 2.8 ppbv
(parts per billiion by volume) TCA was detected. Indoors, TCA was detected in all 14 homes, in
concentrations ranging from 0.7 to 14 ppbv. TCE was detected in four homes, in concentrations
ranging from 0.4 to 1.3 ppbv. PCE was detected in eight homes, in concentrations ranging from
0.2 to 7.1 ppbv.

Two homes near Area 7 (3212 Edelweiss Road and 3334 Bavarian Lane) were selected as
background controls on the basis of their presumed location outside the groundwater
contamination plume. Results at 3212 Edelweiss indicated 9.3 ppbv TCA and 0.6 ppbv PCE
inside the home. Results at 3334 Bavarian indicate the presence of 6.8 ppbv TCA inside the
home, although all results in this sample are qualified as estimated due to a holding time
violation. The results for TCA in the 3334 Bavarian sample are higher than all but two of the
investigative samples. The area of the two "background” locations had not been fully
characterized, so groundwater contamination there is possible. Due to the prevalence of
industrial facilities in the city, that have been or are users of chlorinated VOCs, it is difficult to
ascertain what proportion of indoor air contamination is due to groundwater contamination,
versus that which is due to a residence’s proximity to industry. Also, the presence of the
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compounds in these homes may be due to paints, cleaners, and hobby materials, so it is difficult
to choose a background location where no activity has taken place that could contribute to
elevated indoor air concentrations of these materials. A soil gas survey in this area would
provide more definitive information on VOC's in the subsurface near these homes.

Area 4

Residential air samples were collected at six homes in the vicinity of Area 4. These locations are
shown on Figure 4-29. A duplicate indoor sample was collected in one home. Two homes were
designated as background samples (3114 16th Street and 3325 18th Street), and two nitrogen
blanks were collected. The two nitrogen blanks collected during Area 4 sampling showed low-
level contamination with TCA (0.18 and 0.2 ppbv) and TCE (0.51 and 0.59 ppbv). The Area 4
data, while considered useable, were qualified as follows: TCA and TCE values that are five
times or less than the highest blank value were qualified with a "B". TCA and TCE values
greater than five times the highest blank value were not qualified.

Background homes in the vicinity of Area 4 were selected primarily to be distant from a known
surface contamination source; in addition, these homes were also located outside the presumed
extent of the groundwater contamination plume. At the background residence at 3325 18th
Street, the only compound detected was PCE, at 2.6 ppbv inside the home. While this is the
highest PCE level detected during this round of sampling, the lack of detections of other
compounds means that the total detected concentration was much less than the samples nearer
to Area 4. The second background residence (3114 16th Street) had no reported detections. The
data will still be used, despite the lack of clean background samples. It should be noted that the
background samples were nearly clean, and show a clear contrast with the samples collected
from nearer to the known source area (Area 4).

Outdoor air contamination was not detected at any of the six residences. Indoors, TCA was
detected at three of the six residences, in concentrations ranging from 4.9 to 130 ppbv. TCE was
detected in three residences at concentrations ranging from 0.16 to 0.88 ppbv. PCE was detected
at two residences, at 0.31 and 2.6 ppbv. The compounds 1,1-DCE and 1,1-DCA were detected at
one residence, 2114 Alton Avenue, at 9.3 and 1.9 ppbv, respectively.

The highest contaminant concentrations were reported from the three homes nearest to the
known source at Area 4, with 2114 Alton Avenue, 2641 Marshall Street, and 2645 Marshall Street
containing 130, 32, and 5.1 (4.9 in the duplicate) ppbv of TCA, respectively. These were also the
three homes with detectable TCE. These results are consistent with the results of soil gas,
subsurface soil, and groundwater sampling in and near Area 4, which show high TCA
concentrations and low TCE concentrations in samples collected near the Swebco Manufacturing
parking lot in Area 4 (see subsections 4.2, 4.5, and 4.8).

Comparison With Other Sampling Efforts

The residential air sampling results are generally consistent with the soil gas, subsurface soil, and
groundwater sampling results from Areas 4 and 7. At homes near Area 7, the most abundant
contaminant in residential air was TCA, followed by PCE and TCE. These results are broadly
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concordant with subsurface soil sampling results (see subsection 4.5) in Area 7, which show a
near-surface contaminant source of TCA with lesser amounts of PCE and TCE; other chlorinated
compounds are generally present at much lower concentrations. The Area 7 contaminant source
appears to be located as close as about 250 feet east of the easternmost home sampled, 3526
Balsam Lane (see subsection 4.5). In contrast to subsurface soils, groundwater samples collected
from downgradient of Area 7 contained 1,2-DCE(total), 1,1-DCA, and 1,1-DCE as well as TCA,
TCE, and PCE; 1,2-DCA and vinyl chloride were detected in groundwater, but at much lower
concentrations. As TCA, TCE, and PCE were the only compounds detected in the residential air
samples, the air medium may be most influenced by the volatilization of contaminants from the
subsurface soils from Area 7, rather than by volatilization from the groundwater.

In Area 4, residential air sampling showed considerably higher concentrations of TCA, while
PCE and TCE were not appreciably different than in Area 7. This pattern is consistent with the
results of soil gas sampling (subsection 4.2), subsurface soil sampling (subsection 4.5), and
groundwater sampling (subsection 4.8) at and downgradient from Area 4, which showed high
concentrations of TCA and much lower (though still elevated) concentrations of PCE and TCE.
The results of these other sampling efforts suggest the presence of a TCA contaminant source
beneath the northern portion of the parking lot at Swebco Manufacturing. This source area is
located as near as about 150 feet from some of the Area 4 residential air sampling locations.

In comparison to Area 7, the samples collected from near Area 4 displayed significantly higher
contaminant levels. The reason for this is probably threefold: 1) the Area 4 homes with the high
values are located nearer to the known contaminant source area (about 150 feet, as opposed to
greater than 250 feet for all homes near Area 7); 2) subsurface soils in Area 4 are sandy and are
thus more pemeable than the silty sands of Area 7; and 3) the parking lot overlying the
contaminant source in Area 4 acts as an impermeable surface that limits the upward escape of
vapors - instead, vapors volatilizing from that source tend to migrate upward to the lower
surface of the parking lot and then move laterally to unpaved areas, where they can more easily
escape to the atmosphere; the Area 4 homes with elevated concentrations are located less than
50 feet from the continuously paved area that overlies the Area 4 contaminant source. The effect
of the pavement was also noted in subsection 4.2, based on its apparent effect on soil gas results.

Comparison to Expected Levels

Typical outdoor air concentrations were obtained from Sweet and Vermette (1992). The study
presented outdoor air concentrations and sources for 13 VOCs from the urban locations of
southeast Chicago and East St. Louis as well as results from a rural site for comparison. The
study employed the same Summa canister sampling technique.

Indoor air concentrations were obtained from four papers: "Concentrations of 20 Volatile Organic
Compounds in the Air and Drinking Water of 350 Residents of New Jersey Compared With
Concentrations in their Exhaled Breath” (Wallace, 1986), where ambient air was collected onto
Tenax tubes, "Distribution of Volatile Organic Chemicals in Outdoor and Indoor Air (Shah and
Singh, 1988), which presented a compiled database, "Assessment of Population Exposure and
Carcinogenic Risk Posed by Volatile Organic Compounds in Indoor Air" (Stolwijk, 1989),
presenting an international VOC database, and "Indoor Air Quality Data Base for Organic
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Compounds (EPA, 1992) which presented a range of detected concentrations for each chemical.
A summary of these outdoor and indoor air concentrations is presented in Table 4-6. Detected
concentrations of PCE in both Areas 4 and 7 tended to be below indoor air concentrations as
compared to results from the above-mentioned references that range from 0.23 ppb to 2.4 ppb
PCE. Exceptions were samples collected at 2727 Bavarian Lane in Area 7 (7.1 ppbv PCE) and at
3325 18th Street (a designated background sample for Area 4 at 2.6 ppbv PCE).

TCA was detected inside every Area 7 residence, outside one Area 7 home, and inside three
Area 4 homes. Outdoor urban background concentrations reported by Sweet and Vermette
(1992) are 0.56 and 0.66 ppb. TCA detected outside Area 4 homes was below these levels; TCA
detected outside 2731 Bavarian Lane in Area 7 was 2.8 ppb TCA. The four indoor air data
sources presented a range of TCA concentrations from 0.47 to 8.1 ppb. Four samples exceeded
this range, two in Area 7 and two in Area 4. In Area 7, TCA was detected at 9.3 ppbv in 3212
Edelweiss Road (a background sample) and at 14 ppbv in 2816 Bavarian Lane. In Area 4, TCA
was detected at 32 ppbv in 2641 Marshall Street, and at 130 ppbv in 2114 Alton Avenue.

Indoor air concentrations of TCE have been reported in the above studies to range from 0.13 to
3.3 ppb. All detected TCE concentrations are below these levels. There is no indoor air data for
1,1-DCA, which was detected at 2114 Alton Avenue at 1.9 ppbv. However, 1,1-DCE, which was
detected at the same residence at 9.3 ppbv, exceeds USEPA database information, which
presented a range of 2.7 to 3.3 ppb.

Toxicity Assessment

Table 4-7 presents proposed risk-based air guidelines for chemicals detected in residences from
the August and December sampling rounds. These guidelines are based on chronic
noncarcinogenic health endpoints due to limited evidence of carcinogenicity. Ideally these
concentrations would be represented by chronic inhalation reference concentrations (RfCs). In
cases where inhalation RfCs were unavailable, concentrations were derived from an oral
reference dose (RfD). To derive an air guideline concentration from an oral RfD, the following
equation was used:

[c] = RfD X BW / IR X EF
where:

[c] - environmental concentration
RfD - USEPA reference dose

BW - body weight

IR - inhalation rate

EF - exposure factor

To obtain conservative air guideline concentrations, the body weight (20 kg) and inhalation rate
(8.3 ug/m? of a 5 year old child was assumed for the exposure scenario. It also assumes the
exposure is intermittent and occurs in a finished family room or recreational room in the
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TABLE 4-6

OUTDOOR AND INDOOR AIR CONCENTRATIONS FROM VARIOUS AIR QUALITY STUDIES
FOR DETECTED VOLATILE ORGANIC CHEMICALS

e S ————————————————————— . E— R
u Illinois Outdoor Air Indoor Air Studies
Sampling Method SUMMA SUMMA SUMMA Tenax with Various Sorbent Various
Canister Canister Canister Pump Methods Methods Methods
Chicago  East St. Louis  Rural Site New Jersey CA,NJ 4 Countries EPA
Outdoor Outdoor Outdoor Indoor Indoor Indoor Indoor
Air Conc. (1) AirConc. (1) AirConc. (1) | AirConc. (2) AirConc. (3) AirConc. (4) Air Conc. (5)
Volatile Organic Compound (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
1,1-Dichloroethane NA NA NA NA NA NA NA
1,1-Dichloroethene NA NA NA NA NA NA 27-33
etrachloroethene 0.86 0.74 0.67 023-24
1,1,1-Trichloroethane 29 1.8

richloroethene

Notes:

(1): Sweet and Vermette, 1992.

(2): Wallace et. al., 1985.
(3): Shoh and Singh, 1988.
(4): Stolwijk, 1990,

(5): EPA, 1992,

NA: Not Available

0.39




TABLE 4-7
HEALTH RISK-BASED AIR GUIDELINES CONCENTRATIONS
Risk - Based
Air Concentration Study Critical Common Sources
hemical (ppb) Type Species Effects in Indoor Air
1,1-Dichloroethane 25(1) 13 week, inhalation rat none observed Not Available
1,1-Dichloroethene 20(2) 2 year, drinking water rat hepatic lesions Not Available
etrachloroethene 15(2) 6 week, gavage mouse hepatic toxicity Dry cleaning, adhesives, foam insulation, inks
1,1,1-Trichloroethane 150 (3) occupational, inhalation | human | systemic effects Dry cleaning, cleaning fluid
richloroethene 10 (4) Adhesives, foam insulation, inks, photo films
L R

Notes:

(1): HEAST, 1993 RfC converted to ppb units

(2): IRIS, 1993 value derived from RfD

(3): ATSDR, 1990 value derived from NOAEL from Kramer et. al.

(4): Risk Assessment Issue Paper for: Provisional RfD for Trichloroethylene (CASRN 79-01) derived from provisional RfD
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basement where the contaminants were monitored. The exposure factor was derived by
calculating the approximate number of hours spent in the family room in a year (2840 hours)
divided by the total number of hours in a year (8760 hours) resulting in a factor of 0.32. This
value was multiplied by 0.75 to acount for 75% absorption through the lungs of total inhaled air
based on trichloroethene (Santodonato, et al., 1985) resulting in an exposure factor of 0.25.

The risk-based air concentration of 25 ppb for 1,1- dichloroethane was represented by a chronic
RfC of 100 ug/m? converted to ppb units. The RfC value was obtained from the 1993 USEPA
Health Effects Assessment Summary Tables (HEAST).

The risk-based air concentration of 20 ppb for 1,1- dichloroethene is 20 ppb derived from an oral
RfD of 0.009 mg/kg/day obtained from EPA's Integrated Risk Information System
(IRIS)(USEPA, 1993). The RfD was based on a 2 year rat drinking water study.

To obtain the risk-based concentration the RfD was multiplied by body weight (20 kg) and
divided by inhalation rate (8.3 ug/m?’) and an exposure factor (0.25). The resulting concentration
of 86 ug/m® was converted to ppb units.

The risk-based air concentration of 15 ppb for tetrachloroethene was derived from an oral RfD of
0.01 mg/kg/day obtained from IRIS (USEPA, 1993). The RfD was based on a six-week mouse
gavage study. To obtain the risk- based air concentration the RfD was multiplied by body
weight (20 kg) and divided by inhalation rate (8.3 m®) and an exposure factor (0.25). The
resulting concentration of 96 ug/m’ was converted to ppb units.

The risk-based air concentration of 1,1,1-trichloroethane is based on the most conservative
NOAEL of 150 ppm from the ASTDR. RfC and RfD values were removed from the HEAST
database due to uncertainty regarding critical effect and the appropriate study. The HEAST RfC
that was removed was 1000 ug/m? or 180 ppb. The more conservative NOAEL of 150 ppm from
the Kramer et al. occupational study was divided by an uncertainty factor of 1000 resulting in
the air concentration of 150 ppb. The total uncertainty factor was based on the individual factor
combination of 10 for interspecies variation, 10 for a subchronic study and 10 to protect sensitive
individuals.

The risk-based air concentration of 10 ppb for trichloroethene was derived from a provisional
RfD based on the principal study by Tucker et al. (Risk Assessment Issue Paper for: Provisional
Oral RfD for trichloroethylene (CASRN 79-01)). The provisional RfD of 6 ug/kg/day was
multiplied by a body weight of 20 kg and divided by an inhalation rate of 8.3 m® and an
exposure factor of 0.25.

Risk Characterization

To assess health risks to Southeast Rockford residents associated with chronic exposure to
volatile organic chemicals, air concentrations from residents homes are compared to the air
guidelines presented in the toxicity assessment.

The most frequently detected chemical was 1,1,1- trichloroethane which was detected in all 18 of
the homes sampled. All of the detected residential concentrations were below the derived
guideline of 150 ppb for TCA. The highest detected concentration was 130 ppb from 2114 Alton
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Street. The remaining concentrations were substantially below the guideline with concentrations
ranging from 0.36 ppb to 32 ppb.

PCE was detected in eight of the 18 homes sampled. All eight of the detected concentrations
(ranging from 0.2 ppb to 2.6 ppb) were well below the derived guideline concentration of 15

pPpb.

TCE was detected in seven out of 18 homes. All of the detected concentrations (ranging from
0.16 ppb to 1.3 ppb) were well below the derived guideline concentration of 10 ppb.

The chemicals 1,1-DCA and 1,1-DCE were only detected at the 2114 Alton Street residence which
also had the highest concentration of TCA (130 ppb). The 1,1-DCA concentration of 1.9 ppb was
below the derived guideline concentration of 25 ppb and the 1,1-DCE concentration of 9.3 ppb
was below the derived guideline concentration of 20 ppb.

All of the chemicals detected in residential homes were below health-based air guidelines. The
three primary chemicals detected - PCE, TCA, and TCE - are three of the most commonly
detected volatile organic compounds detected in indoor air (EPA, 1992). Common sources of
these chemicals are dry cleaning, adhesives, foam insulation and inks (see Toxicity Table).
Although these same chemicals have been detected in the groundwater, at this time, there is
insufficient residential air data to draw a correlation between concentrations in the groundwater
and concentrations in the indoor air. Residential air data may be further addressed in risk
assessments for Area 4 and Area 7 source studies.

4.8 Nature and Extent of Groundwater Contamination

Phase I of the Remedial Investigation (RI) established that an extensive area of groundwater
contamination exists in the unconsolidated aquifer and the Galena-Platteville (dolomite) aquifer
in southeast Rockford. Several contaminant plumes were identified in this area that extends
from the residential neighborhood where contamination resulted in the removal and remedial
actions by USEPA (consisting of extending water mains and hookups to residences affected by
the plume; see section 1) to east of Alpine Road located approximately two miles upgradient
(east) of the residential area. Phase II work comprised a source investigation and a groundwater
investigation. The source investigation was designed to evaluate whether identified potential
source areas are related to the observed groundwater contamination; the groundwater
investigation was designed to more fully evaluate the nature and extent of groundwater
contamination as well as the properties of the aquifers of concern (unconsolidated and Galena-
Platteville), and to provide data that could be used in the feasibility study. Because these
purposes are to some extent overlapping and for the sake of simplicity, results from
groundwater sampling of wells installed for both the source investigation and the groundwater
investigation will be discussed together.

As was shown by the results of the Phase I RI, the contaminants of concern in the groundwater
in the study area are VOCs. Extractable semivolatiles, pesticides, PCBs, and inorganic
constituents were either not detected in Phase I or were not present at concentrations above
background across most of the study area, and only localized detections of certain constituents of
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these were noted. As a result, in Phase II the existing wells were sampled for VOCs only, while
newly installed (Phase II) wells were sampled for the full suite of organic constituents in the
Target Compound List and inorganics in the Target Analyte List. Details of
groundwatersampling methods are presented in subsection 2.7; the wells sampled in Phase II are
presented in Figure 4-30. A total of 120 wells were sampled for VOCs during Phase II. The
ranges and frequencies of detection for all organic compounds detected in Phase II groundwater
samples are presented in Table 4-8 for both the unconsolidated and bedrock (including the
dolomite and sandstone; see following paragraph) aquifers. The full results for VOCs in
groundwater samples are given in Appendix H-9. Results for VOC sampling from both Phases I
and II were also used in groundwater modeling (see Section 5).

As shown in Section 3, the unconsolidated and Galena-Platteville aquifers are generally
hydraulically connected across the study area. As a resuit, there is no barrier to the downward
migration of contaminants from the unconsolidated aquifer into the Galena-Platteville
throughout most of the study area. However, there are thick discontinuous silt and clay
deposits in the study area which would locally restrict the downward migration of contaminants
(see Section 3). In addition to bedrock wells in the Galena-Platteville Group, two of the wells
sampled in Phase II are screened in the St. Peter Sandstone (MW112C and MW114B). As
discussed in Section 3, the St. Peter is near the top of the bedrock at MW114 and is apparently
hydraulically connected with the unconsolidated aquifer at that location. At MW112, the St.Peter
is hydraulically isolated from the overlying Galena-Platteville Group and the unconsolidated
deposits by an intervening aquitard, the Glenwood Formation. This formation likely acts to
restrict the downward migration of contaminants into the St. Peter Sandstone at this location,
which is consistent with the fact that only one organic constituent was detected at a very low
concentration (1,1-DCE at 0.8 ppb) from MW112C. Apart from MW112C, the other monitoring
wells sampled in Phase II are part of the same interconnected shallow aquifer system. As a
result, the sample results from wells in both aquifers will be discussed together in the remainder
of this subsection.

As noted above, the unconsolidated and Galena-Platteville aquifers are hydraulically connected
throughout the study area. As a result, maps of contaminant concentrations in groundwater
show results for all wells regardless of aquifer screened. Contours are based on the peak
contaminant concentration at a given well nest, whether it occurs in the unconsolidated or
dolomite aquifer. Vertical patterns of contamination are discussed in the text and are illustrated
in cross-sections. While the contours are based primarily on contaminant concentrations,
contours were also drawn to be generally consistent with groundwater flow directions. This
technique was used especially in areas of sparse sample coverage.

TCA

TCA was the most abundant VOC detected in wells sampled during Phase II, both in terms of
frequency of abundance, and in terms of overall abundance. TCA is a common degreasing
solvent that is also used in cleaning precision instruments, in pesticides, and in textile
processing. Though several other compounds were present at higher concentrations in some
samples, in most samples these compounds were considerably less abundant than TCA. TCA
was detected in 65 of the 88 (74%) unconsolidated aquifer wells, and in 23 of the 32 (72%) of the
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contamination, such as the subsurface soils in Area 7. Downgradient from these wells, the TCA
plume becomes thicker and the vertical center of mass of TCA generally moves downward.
These patterns are illustrated in Figure 4-32, which shows concentrations of total chlorinated
VOCs along the length of the Area 7 plume. Although this figure shows only total chlorinated
VOCs, the patterns are very similar for TCA, because it is the most abundant of the chlorinated
VOCs, and it constitutes a generally constant proportion of total VOCs. As shown in Figure 4-
32, the bottom portion of the TCA plume migrates into the Galena-Platteville (dolomite) aquifer
in the area MW106. This migration results in large chlorinated VOC (and TCA) concentrations
in dolomite wells MW103B and C, MW133C, MW102C, and MW101B, C, and D; at well nests
MW103, MW133, and MW101 the concentrations in the dolomite (340 to 1,200 ppb) are roughly
similar to those observed in the unconsolidated aquifer (at MW103A, MW133B, and MW101A).
At MW102, greater concentrations are present in MW102C in the dolomite aquifer. Although
TCA is present in the unconsolidated aquifer at MW102A, the semi-confining conditions for this
well would likely prevent downward migration of contamination to underlying portions of the
aquifer. MW102A is screened in the uppermost water-bearing sand. This sand unit is bounded
above and below by clay units, which probably accounts for the 14-foot head difference between
MW102A and MW102B. Downward migration of TCA at other locations is fostered by the
hydraulic connection between the unconsolidated and dolomite aquifers (see subsection 3.2.1),
combined with downward hydraulic gradients, such as those observed at well nests MW106 and
MW134, and by fractures in the dolomite.

At well nests MW103, MW133, and MW101, the center of mass of the TCA plume is probably a
short distance below the unconsolidated-dolomite contact. At MW113, however, TCA
concentrations are significantly greater near the contact (at MW113A) than at a greater depth in
the dolomite (at MW113B). Two possible reasons for this are: 1) the horizontal center of the TCA
plume in the dolomite is some distance north or south of this location; or 2) MW113 is near the
deeper portion of the downgradient margin of the contaminant plume in the dolomite aquifer.
There are no other nearby dolomite wells to evaluate which alternative is correct.

It is likely that the Area 7 TCA plume in the shallow bedrock (Galena-Platteville Group) does
not continue far to the west of MW113, because the Galena-Platteville Group pinches out
approximately 2,000 feet west of MW113 (see Figures 3-4 and 4-32). Just west of where the
Galena-Platteville was eroded (such as at MW114), the Glenwood Formation is the uppermost
bedrock unit (see Figure 4-32). Any contaminants still present in the Galena-Platteville just east
of where it pinches out would tend to migrate westward above the Glenwood, being forced out
into the unconsolidated aquifer at the point where the Galena-Platteville pinches out. A short
distance to the west of MW114, the Glenwood Formation is absent, and the St. Peter Sandstone is
the uppermost bedrock unit. Deeper bedrock units do not appear to be affected by
contamination at MW114B, which is screened in the St. Peter just below the Glenwood
Formation, and near the area where the St. Peter is the uppermost bedrock unit. Furthermore,
the bulk of the plume appears to be significantly above the bedrock in this area: low
contaminant concentrations (19 ppb total VOCs) were observed in the Phase II sample from
MW1144, screened at a depth of 85 to 95 feet (bedrock is at 192 feet), while previous ISWS
samples from shallower wells MW16 (screened at 48 feet) and MW31 (62 feet) at the same
location showed much higher VOC concentrations (greater than 300 ppb total VOCs).
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Table 4 - 8: Groundwater Organic Compounds - Range and Frequency of Detection

Unconsolidated Aquifer Bedrock Aquifer

MCL, { Range of Phase !l Proportion of Proportion of Range of Phase i Proportion of Proportion of

Constituent ppb Samples With Phase Il Samples Samples at or Samples With Phase Il Samples Samples at or
Detections, ppb With Detections Exceeding MCL Detections, ppb With Detections Exceeding MCL

Yolatile Organics
Vinyl Chloride 2 1-75 8/ 88 (9%) 7 /88 (8%) 1-1 2/ 32 (68%) 0/32 (0%)
Chloroethane -- 4 - 500 7/ 88 (8%) N/A 2-2 1/ 32 (3%) NA
Methylene Chioride 5 2 - 2700 4/ 88 (5%) 3/ 88 (3%) 2 - 390 3/ 32 (9%) 2 /32 (6%)
Acetone - 1500 - 1600 2/ 88 (2%) N/A 17 - 17 1/ 32 (3%) N/A
1,1-Dichloroethene 7 068 - 410 41/ 88 (47%) 24/ 88 (27%) 0.5 - 440 21/ 32 (66%) 11 /32 (34%)
1,1-Dichloroethane - 1 - 2100 47/ 88 (53%) N/A 0.7 - 660 21/ 32 (66%) N/A
cis-1,2-Dichloroethene 70 0.3 - 5900 40/ 69 (58%) 6/ 69 (9%) 4 - 210 11/ 27 (41%) 3/727 (11%)
trans-1,2-Dichioroethene 100 1-8 5/ 69 (7%) 0/ 69 (0%) 1-1 1/ 27 (4%) 0/27 (0%)
1,2-Dichloroethene (total) = 4 - 2800 137 19 (68%) N/A 120 - 390 5/ 5 (100%) N/A
Chloroform - 06 - 14 8/ 88 (9%) N/A 5-28 3/ 32 (9%) N/A
1,2-Dichloroethane 5 08 - 26 10/ 88 (11%) 6/ 88 (7%) 09 -4 3/ 32 (9%) 0/32 (0%)
2-Butanone -- 8 - 9800 8/ 88 (7%) N/A 11 - 68 3/ 32 (9%) N/A
Bromochloromethane - 5-56 1/ 88 (1%) N/A 0-0 0/ 32 (0%) N/A
1,1,1-Trichloroethane 200 0.6 - 8000 65/ 88 (74%) 13/ 88 (15%) 0.8 - 2500 23/ 32 (72%) 8 /32 (25%)
1,2-Dichloropropane 5 7-7 1/ 88 (1%) 1/ 88 (1%) 0-0 0/ 32 (0%) 0/32 (0%)
Trichloroethene 5 0.5 - 1500 62/ 88 (70%) 40/ 88 (45%) 0.7 - 430 17/ 32 (53%) 14 / 32 (44%)
1,1,2-Trichloroethane 5 4 - 60 2/ 88 (2%) 1/ 88 (1%) 0-0 0/ 32 (0%) 0/32 (0%)
Benzene 5 2 - 1000 7/ 88 (8%) 4/ 88 (5%) 45 - 45 1/ 32 (3%) 1732 (3%)
4-Methyl-2-Pentanone - 7 - 18000 4/ 88 (5%) N/A 16 - 16 1/ 32  (3%) N/A
2-Hexanone .- 16 - 15 17 88 (1%) N/A 0-0 0/ 32 (0%) N/A
Tetrachloroethene 5 0.4 - 1200 40/ 88 (45%) 19/ 88 (22%) 0.6 - 310 14/ 32 (44%) 10 /32 (31%)
Toluene 1000 0.3 - 310000 23/ 88 (26%) 7/ 88 (8%) 5 - 2200 5/ 32 (16%) 1732 (3%)
Ethylbenzene 700 1 - 4200 13/ 88 (15%) 4/ 88 (5%) 1-8 3/ 32 (9%) 0/32 (0%
Xylene 10000 3 - 18000 19/ 88 (22%) 2/ 88 (2%) 3-33 4/ 32 (13%) 0/32 (0%)
Semivolatile Organics
1,2-Dichlorobenzene - 10 - 28 2/ 23  (9%) N/A 0-0 0/ 2 (0%) N/A
2-Methylphenol - 3 - 100 5/ 23 (22%) N/A 0-0 0/ 2 (0%) N/A
4-Methyiphenol - 70 - 88 2/ 23 (9%) N/A 0-0 0/ 2 {0%) N/A
2,4-Dimethyiphenol 23 - 54 2/ 23 (9%) N/A 0-0 0/ 2 (0%) N/A
Naphthatene 2 -43 3/ 23 (13%) N/A 0-0 0/ 2 (0%) N/A
2-Methyinaphthalene - 1t-5 3/ 23 (13%) N/A 0-0 0/ 2 (0%) N/A
Diethylphthalate 6 09 - 09 1/ 23 (4%) 0/ 23 (0%) 0-0 0/ 2 (0%) 0/ 2 (0%)
Di-n-Butyiphthalate 6 06 -1 2/ 23 (9%) 0/ 23 (0%) 0-0 0/ 2 (0%) 0/ 2 (0%)
bis(2-Ethylhexyl)Phthalate 6 1 - 190 7/ 23 (30%) 3/ 23 (13%) 1-8 2/ 2 (100%) 1/ 2 (50%)
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bedrock aquifer (including Galena-Platteville and St. Peter aquifers) wells. A map showing the
distribution of TCA is presented in Figure 4-31 for both the unconsolidated and bedrock aquifers.
Examination of this map reveals a number of different areas where elevated concentrations of
TCA are present in groundwater. The most extensive continuous area of elevated concentrations
of TCA underlies locations a short distance west of source Area 7, and extends downgradient
(west-northwest) to about 9th Street.

The highest concentrations of TCA detected in Phase II samples are located immediately
downgradient of source Area 7, at MW135 (8,000 ppb) and MW106A (7,900 ppb). Other wells a
short distance downgradient of Area 7 have high TCA concentrations, such as at MW134A (860
ppb), MW105B (160 ppb), and MW105A (61 ppb). In contrast, wells located upgradient of Area
7 (MW112A and B, MW108A, B and C, MW122A and B, and MW136) show low or undetectable
concentrations of TCA. Concentrations of TCA in the area just downgradient of Area 7 are
elevated across a broad area transverse to the groundwater flow direction (at least 1,200 feet
south to north, from MW135 to MW105). This is consistent with the soil gas and subsurface soil
sampling results, which show that a similar-sized portion of Area 7 has elevated TCA
concentrations. Elevated concentrations at MW105 (located 350 feet north of SB7-24) suggest that
subsurface contaminated soils extend somewhat farther north from the area that was sampled in
the soil gas and subsurface soil sampling programs. As noted in the description of the results of
those sampling efforts, the northern and northwestern extent of contamination in Area 7 were
not completely defined. Based on high subsurface soil contamination at SB7-24 but not at other
nearby borings, this northern area may have a localized distribution of contamination, without
the consistently high contaminant levels observed south of the basketball courts. This is
consistent with: 1) moderate to low concentrations of TCA at MW105 and MW134; 2) erratic soil
gas concentrations across the northern end of the area surveyed (i.e., near the playground); and
3) evidence from aerial photos showing less disposal activity in the northern area than in the
area south of the playground.

Downgradient of MW135, MW106, MW134, and MW105, TCA concentrations decline fairly
steadily to the west-northwest (see Figure 4-31). The axis of the contaminant plume proceeds to
the west-northwest, passing near MW133 (MW133B contained 1,200 ppb TCA) and MW101
(MW101A, B, and C had between 560 and 650 ppb), and then turning westward to pass near
MW?37 (230 ppb). The plume retains its width of about 1,500 feet (at the 100 ppb contour) at
MW103, MW133, and MW102, the three well nests located approximately 2,000 feet
downgradient of Area 7. The broad zone of lower TCA concentrations north of the plume's
center is apparently present in this area as well (near MW102C). This regular pattern suggests
that the TCA contamination between MW106 and MW37 constitutes a single plume
downgradient from Area 7 (hereafter referred to in the text and figures as the Area 7 plume).
Evidence from patterns of other contaminants supports this idea (discussed later in this
subsection), as well as the vertical pattern of TCA distribution (discussed in the following

paragraph).

In the area immediately downgradient from Area 7, TCA is primarily limited to the
unconsolidated aquifer, and to the upper 60 feet of the subsurface (see Figure 4-31). For
instance, TCA is much more abundant in MW106A, MW134A, and MW105A and B than in the
deeper wells of each well nest. This pattern is consistent with a nearby source for the observed
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Section 4
Results of Contaminant Investigation

The shape of the TCA contaminant plume from MW101 and to the west is consistent with
previous sampling efforts, including the Operable Unit (CDM, 1990) and quarterly Illinois State
Water Survey (ISWS) sampling of ISWS monitoring wells. This includes a southward dip in the
northern 100 ppb contour near MW113 and MW34. The downgradient position of the Area 7
plume is unclear west of 11th Street (see Figure 4-31). The farthest downgradient hit of TCA in
this plume in Phase II sampling was near Eleventh Street and Wills Avenue at MW21, where 100
ppb was reported. However, in Phase I and in sampling conducted by the ISWS, elevated
concentrations of TCA were found west of Eleventh Street in ISWS wells monitoring wells
MW30, MW39, MW42, and MW20. MW20 was sampled in Phase II and TCA was not detected;
the reason for this discrepancy is not known.

While the precise location of the downgradient margin of the Area 7 contaminant plume can not
be defined based on Phase II sampling, it appears that an additional source of contamination
affects the shallow aquifer near Eighth Street and Harrison Avenue. Wells MW126A and
MW124 contain TCA concentrations of 610 and 1,400 ppb, respectively. These concentrations are
considerably higher than any in the Area 7 plume within more than one mile upgradient of these
wells, and MW20 and MW127, the closest wells that are roughly upgradient, did not contain
detectable TCA. Other wells near MW126A and MW124 appear to be a part of the same plume,
showing TCA concentrations between 72 and 160 ppb (this plume will hereafter be referred to as
the "Area 9/10 plume"). In contrast to the Area 7 plume, this Area 9/10 plume is oriented east-
northeast to west-southwest. However, both plume orientations appear to be concordant with
local groundwater flow directions (see Figure 3-11). The downgradient extent of the Area 9/10
plume is unclear, due to the lack of adequate downgradient monitoring wells. However, it
appears that this plume may extend to IW19, but not as far as MW117, based on plume
fingerprint evidence such as the ratios of TCE to TCA and PCE to TCA (see discussion under
TCE and PCE).

In addition to elevated TCA concentrations in MW126A and MW124 compared to upgradient
wells, other lines of evidence support a nearby source for the TCA in these wells. This evidence
includes the concentrations of other compounds (see discussion of PCE), and soil gas survey
results in Area 9. The soil gas sampling in Area 9 showed moderately high (91 to 120 pg/L)
concentrations of TCA, PCE, and TCE at a location approximately 250 feet north-northwest of
MW125. Subsurface sampling at that location showed evidence of minimal contamination by
PCE (5 ppb). Additional investigation near a manufacturing facility to the east was desired, but
access was not possible. It is possible, therefore, that a contaminant source may exist on or
adjacent to this facility; the location (north of Harrison Avenue and between Eighth and Ninth
Streets) would be upgradient of the MW126A-MW124 plume (hereafter termed the Area 9/10
plume) and downgradient or side-gradient to wells MW20 and MW127, which are nearly free of
chlorinated VOCs.

A third area of elevated TCA concentration in groundwater originates on the Sundstrand facility
southeast of Harrison Avenue and Alpine Road (hereafter called the Area 8 plume). The TCA
concentration at well IW23 (MWSS5 at the Sundstrand facility) was 2,500 ppb; other Sundstrand
monitoring wells upgradient of this well (sampled in Phase I and in Sundstrand sampling
efforts) have low or undetectable TCA, implying a contaminant source near IW23. Elevated TCA
concentrations extend from IW23 approximately to the west, to IW24, MW107, IW21, and
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probably to MW104; this orientation is generally concordant with groundwater flow directions.
This Area 8 plume has its own fingerprint, with low ratios of TCE to TCA (see discussion on
TCE), and 1,1-DCE being an abundant daughter product (see discussion on 1,1-DCE); these
patterns were noted in samples from Phase I, when more samples were collected from this
plume. The downgradient margin of the Area 8 plume appears to extend to MW104, where
MW104B and C have contaminant fingerprints typical of this plume. The origin of VOC
contamination at MW122 is not clear. The contaminant fingerprint of well MW122A is different
from that characteristic of the Area 8 plume, but is more like that of the Area 7 plume (see
discussion on TCE and 1,1-DCE). In addition, it is likely that the northern boundary of Area 7
extends farther north than the currently known boundary, as evidenced by waste piles observed
north of the playground. This suggests that it is possible that Area 7 is a source for groundwater
contamination at MW122. Conversely, MW122 is not located hydraulically downgradient of the
currently known extent of Area 7, suggesting that contamination could be originating from the
Area 8 direction. It is also possible that localized low-permeability units could affect
contaminant migration paths such that contaminants (i.e., DNAPL) move counter to known
groundwater flow directions. DNAPLs are largely influenced by gravity and they tend to move
downslope along the top of low permeability units, even if the direction of movement is not
parallel to groundwater flow. Although DNAPL was not identified in this investigation, the
possibility of DNAPL-related contaminant migration at MW122 should not be eliminated.

A fourth area of elevated concentrations of TCA in groundwater exists downgradient from Area
4. At MW130, TCA was reported at 1,000 ppb. This well is located about 350 feet downgradient
of Area 4. Surrounding upgradient and side-gradient wells such as MW22 and MW32 contained
less than 25 ppb of TCA, and wells in the Area 7 plume to the south had no more than 310 ppb
of TCA. Therefore, a separate TCA plume appears to originate beneath Area 4 (hereafter termed
the Area 4 plume), which is also suggested by the subsurface soil and soil gas data in Area 4
(see subsections 4.5 and 4.2, respectively). This plume extends from Area 4 to the west-
northwest, concordant with local groundwater flow, as well as being parallel to the Area 7
plume.

The Area 4 plume has its own distinctive fingerprint, as TCA constitutes more than 95% of total
detected VOCs. A similar, distinctive fingerprint for Area 4 contamination was also noted for
subsurface soil samples (see subsection 4.5). Other wells in this plume and downgradient from
MW130 include a private well at 1817 Harrison Avenue (991 ppb of TCA, sampled in June 1990
in the Operable Unit; CDM, 1990) and a residential well at 1713 Harrison Avenue (50 ppb of
TCA, sampled in June 1993 in Phase II). Concentrations of TCA are also elevated at IW11 (860
ppb of TCA in Phase II). At IW11, however, an additional contaminant source affects
groundwater, causing high concentrations of non-chlorinated VOCs, which in turn caused high
detection limits for TCA at nearby wells MW128 (detection limit 250 ppb) and IW10 (detection
limit 20,000 ppb). In addition, for TCE, there appears to be a local subsurface soil contaminant
source in Area 11. Though TCA was not found in subsurface soils in Area 11, its presence
could have been obscured by high detection limits in some samples (see subsection 4.5). As a
result, the high detection limits for TCA in both groundwater and soil obscure the question of
the source of elevated TCA concentrations at IW11. The data are consistent with a TCA source
in Area 4, but an Area 11 source cannot be ruled out. The downgradient extent of the Area 4
plume is thus not known with accuracy. However, the concentrations in Area 11 (at IW11) end
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within about 1,000 feet to the west: well MW127, located roughly downgradient from Area 11,
had no detectable TCA (detection limit 12 ppb).

Several other instances of elevated TCA concentrations in groundwater were reported from
Phase II wells. Of these, the highest concentration was at IW5 (370 ppb) on the former Acme
Solvents facility (Area 13). This Area 13 plume cannot be readily defined as an extensive TCA
plume based on the available data, because of sparse well coverage. The well containing the
highest concentrations of other VOCs (IW1) had undetectable TCA at the elevated detection limit
of 6,200 ppb; as a result, the maximum concentration of TCA from this source is not known.
Well MW132 is located approximately downgradient of Area 13 and showed a very low TCA
concentration (0.6 ppb). Based on this result, any TCA contamination that originates from Area
13 either ends before reaching MW132, or passes north of MW132.

A TCA concentration of 190 ppb was detected at IW14, located at the Erhardt-Leimer facility.
This area of groundwater contamination is referred to as the Area 15 plume. The contamination
was discovered recently by the owner and reported to the IEPA; remediation is ongoing.

Because of sparse well coverage in this area, the direction of TCA migration from Erhardt-Leimer
is not known; however, based on groundwater gradients, the most likely direction is to the west
or southwest (see Figures 3-11 and 3-12). The downgradient extent of TCA from this source is
limited, based on low-ppb concentrations at MW108, located roughly downgradient from the
Erhardt-Leimer facility.

Apart from the TCA detections in the various plumes and contaminated areas noted above, TCA
was detected at the following wells: MW116B (48 ppb), MW111B (40 ppb), MW102A (34 ppb),
MW43 (33 ppb), MW19 (21 ppb), MW112A (18 ppb), and MW111A (18 ppb). Of these, MW116B
and MW43 are near each other, have similar ratios of contaminants, and are probably part of the
same plume. Whether this area of contamination is an identifiable plume or not, for ease of
discussion and presentation it is termed the Area 16 plume. The source of this plume is
unknown, however, because of sparse well coverage upgradient (northeast) of these wells. The
source is most likely not very near to MW116, because the shallow well at this location
(MW116A) contained a low (1 ppb) concentration of TCA. Contamination at MW112A is located
quite near hits of TCA in soil gas and subsurface soil samples in the northeastern part of Area 7,
and thus may represent low-level TCA present in the upgradient portion of the Area 7 plume.

The elevated TCA concentration found at MW102A may be related to the Area 7 plume located
upgradient. Although MW102A may be screened in a locally perched zone of the
unconsolidated aquifer it is directly downgradient of an Area 7 source. The sand zone screened
by MW102A appears to be connected to a coarse sand-sand gravel zone which extends
upgradient toward Area 7 at MW105, MW108, and MW111 (see Figure 3-3 in CDM, 1992). TCA
concentrations at MW102A appear to be consistent with concentrations observed at similar
depths in the Area 7 plume at this distance from the Area 7 source (see Figure 4-32). In
addition, the TCE/TCA ratio observed in the groundwater sample collected from MW102A (0.18)
is consistent with ratios observed in groundwater samples collected from MW105 and MW134,
located directly upgradient from MW102.
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TCE

Trichloroethene (TCE) was the second most frequently detected compound in Phase II
groundwater samples, having been detected in 62 of the 88 (70%) unconsolidated wells and 17 of
the 32 (53%) bedrock aquifer wells sampled. TCE is used in a wide variety of applications,
including metal degreasing, an extraction solvent for oils, fats, and waxes, solvent dyeing, dry
cleaning, a refrigerant and heat-exchange liquid, a fumigant, cleaning and drying electronic parts,
a diluent in paints and adhesives, in textile processing, as a chemical intermediate, and in
aerospace operations (flushing liquid oxygen). Though only the third or fourth most abundant
contaminant overall in groundwater of the study area, TCE had the highest number of detections
above its Maximum Contaminant Level (MCL) of 5 ppb, with 40 unconsolidated wells and 14
bedrock aquifer wells above this level. As illustrated in Figure 4-33, which displays maximum
TCE concentrations at each well nest or well, the distribution of TCE in the groundwater has
many similarities to that of TCA. The broadest area of elevated concentrations of TCE is located
downgradient from Area 7. Similar to TCA, the highest TCE detections near Area 7 are found a
short distance downgradient of Area 7 (at 650 ppb in MW135); contouring of the TCE
concentrations yields a plume with similar shape as the Area 7 TCA plume. Consequently, in
further discussion of TCE in this area, the contamination will be referred to as the Area 7 plume.

One difference between TCE and TCA is that there was no TCE detected in MW106A, while the
second-highest TCA detection was reported from that well (7,900 ppb). This difference was also
noted in the Phase I sample. The explanation for this is two fold. Phase II soil gas sampling
shows that the area of the basketball courts, approximately upgradient from MW106, is low in
TCE relative to TCA: ratios of TCE to TCA in the five samples adjacent to the basketball courts
are less than 0.07, while most samples to the south have ratios between 0.15 and 0.35. The
pattern is repeated in subsurface soils: in SB7-3, 7-3, 7-5, and 7-22 from near the basketball
courts, ratios of TCE to TCA are 0.12 or less, while most subsurface samples to the north or
south have ratios of 0.15 to 0.65. Based on this evidence, the lack of detected TCE in the
groundwater sample from MW106A may be a result of low TCE concentrations in source
material immediately upgradient. This interpretation is consistent with the fact that wells south
and north of MW106 (comprising MW135, 134, and 105) do contain detectable TCE; this is to be
expected, considering that they are located downgradient of portions of Area 7 which contain
proportionally higher TCE concentrations in soil gas and subsurface soils than in the area
upgradient of MW106 (the basketball courts). An alternative explanation for the lack of
detectable TCE in the MW106 groundwater sample is based on the method detection limit used
to quantify TCE at this location. In both Phase I and Phase II investigations the groundwater
sample collected from MW106A was diluted to quantify higher concentrations of other VOCs.
Method detection limits for the Phase I sample was 71 ppb while the method detection limit for
the Phase II sample was 330 ppb. TCE concentrations observed in the aquifer at lateral locations
during both the Phase I and Phase II investigations were well below the detection limits used to
quantify TCE at MW106A, Based on the distribution of TCE in the aquifer at other monitoring
wells in the vicinity of MW106A, it is a very distinct possibility that TCE is present in the aquifer
at MW106A at concentrations below the higher detection limits used to quantify the sample.
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In wells located upgradient from Area 7, TCE was detected, if at all, at very low concentrations
(5 ppb at MW112A and B, MW108A and B, MW122A and B, and MW136). Downgradient from
Area 7, the TCE Area 7 plume has a width of about 1,500 feet at the 100 ppb contour (similar to
its width adjacent to Area 7). Similar to TCA, TCE concentrations decline gradually in the
downgradient direction, and the plume's center passes near MW103, 133, 101, and MW37. The
TCE plume is shallow near Area 7, primarily confined to the upper 60 feet of the subsurface (and
mainly in the unconsolidated aquifer), and gradually moves deeper in the downgradient
direction, at least as far as MW133. Similar to TCA, however, TCE concentrations in the deeper
part of the dolomite aquifer (MW113B) are considerably less than those in the shallower part of
the unconsolidated aquifer (MW113A).

Throughout the Area 7 plume, TCE is present at similar proportions to TCA. In all Area 7
groundwater samples where TCE or TCA is present at 25 ppb or higher (except for MW106A),
the ratio of TCE to TCA is between 0.08 and 0.88; in most cases (21 of 24 wells), this ratio falls
within a more limited range of 0.13 to 0.50 (see Figure 4-34). The TCE/TCA ratio is not shown
for low-contamination wells where both TCE and TCA were reported at less than 25 ppb; though
ratio patterns established for the higher-concentration locations also generally hold for the ratios
in low-concentration wells, greater fluctuation of the ratio at these low concentrations tends to
obscure the patterns defined at the locations of higher concentrations. The latter locations are
most influential in terms of total contaminant mass, and are thus given the most significance.
The relative constancy of the TCE/TCA ratio in the Area 7 plume, also observed in Phase I and
in ISWS sampling, suggests that the Area 7 plume originates primarily from a single source.
This idea is consistent with the patterns established for TCA and TCE (and other contaminants
discussed below) that show a plume migrating downward in the direction downgradient from
Area 7, with gradually declining contaminant concentrations.

The use of the ratio of TCE to TCA can be helpful to discriminate between different contaminant
sources. TCE and TCA are not related by any known natural degradation process, tend to
persist in the subsurface, and have similar physical and chemical properties (solubility, sorption
coefficient, susceptibility to degradation) that result in mobile behavior in many groundwater
environments (these processes are discussed in more detail in subsection 4.9). TCE/TCA ratios of
a contaminant plume can be affected by the mixing of two plumes with varying quantities of
TCE or TCA making it difficult to quantitatively distinguish between plumes if the effect of
mixing results in similar TCE/TCA relationships. The Area 7 TCA plume appears to be mixing
with the Area 4 and Area 11 plumes which may account for the low TCE/TCA ratios observed
in these plumes. However, the resultant TCE/TCA relationships which exist between the plumes
are still anomalously different. Biodegradation of the TCE or TCA component of a plume which
may occur at downgradient locations should be considered when applying TCE/TCA ratios to
distinguish between plumes. TCE/TCA ratios may be anomalously different, however the 1,2-
DCE or 1,1-DCA component of a plume may still be mixing with another plume. Therefore, the
distribution of degradational components of a compound within a contaminant plume and
between contaminant plumes should be considered when making conclusions based on these
types of ratios.
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As observed in the Area 7 plume, TCE and TCA have migrated a similar distance, to the area
between MW21 and MW20 (supported by more-detailed ISWS sampling in this area, at MW39
and MW42); this indicates similar contaminant velocities and similar retardation rates for TCE
and TCA in this plume during migration. The Area 7 contaminant source has been characterized
through soil gas sampling and subsurface soil sampling (see subsections 4.2 and 4.5): these
sampling efforts have shown that both TCE and TCA are present in source subsurface soils, and
TCE/TCA ratios are generally between 0.15 and 0.65 (particularly in subsurface samples of the
highest concentrations; these areas have the greatest influence on contaminant ratios in
groundwater). The fact that TCE/TCA ratios are relatively consistent throughout the Area 7
plume, combined with the fact that these ratios are similar to those defined in subsurface soils
and soil gas in Area 7, suggests that the TCE/TCA ratio reflects the contaminant source material,
and that this ratio is characteristic of the Area 7 plume. This idea is supported by the fact that
most other plumes have groundwater samples with TCE/TCA ratios outside the range of those
found in the Area 7 plume, as shown in Figure 4-34. This figure shows generalized plume
outlines for each defined or inferred contaminant plume of chlorinated VOCs; the figure is useful
in determining whether, and how, the identified contaminant plumes could be connected.

Elevated concentrations of TCE were found in seven of the eight areas or plumes defined as
containing elevated TCA concentrations outside the Area 7 plume, and in two plumes where
TCA was not noted. The highest of the TCE concentrations observed in Phase II samples was at
Area 13, where IW1 contained 1,500 ppb. As with TCA, the downgradient extent of this
contamination is not known due to the lack of sufficient monitoring points. However, any
connection with the residential area south of Harrison Avenue would only be far downgradient
and to the west, such as in the Area 16 plume. This is based on groundwater flow directions,
and on the lack of significant detections directly between Area 13 and the residential area.

The Area 9/10 plume defined for TCA is not as clearly defined for TCE. Local spikes in TCE
concentrations across this area suggest that a TCE source may exist in this area. As discussed
under TCA, one nearby soil gas sample (from near the upgradient extent of the Area 9 TCA
plume) contained an elevated concentration of TCE (91 pg/L) as well as elevated TCA and PCE.

The Area 4 plume that was defined for TCA displays slightly elevated concentrations of TCE.
TCE/TCA ratios are especially useful in the Area 4 plume, because they show consistently low
values for all media from which samples were collected: soil gas, subsurface soil, and
groundwater samples. The groundwater samples include MW130 (TCE/TCA ratio is 0.03) and
the residential well at 1713 Harrison Avenue (TCE/TCA ratio is 0.06); the June 1990 residential
well sample from 1817 Harrison Avenue also had a TCE/TCA ratio of 0.06 (CDM, 1990).

As noted for TCA, however, the downgradient extent of the Area 4 plume is unclear. Several
hundred feet downgradient from the residential well samples noted above is the Area 11 source
of aromatic VOCs; based on the detection of 410 ppb of TCE in sample SB11-7G, Area 11 is also
apparently a source of TCE to groundwater. This TCE source is probably limited in extent and
concentration, based on the fact that no other Area 11 subsurface soils contained elevated TCE
(though detection limits were elevated in some samples). Nevertheless, a localized TCE source is
consistent with the elevated TCE detection in nearby well IW11 (170 ppb of TCE). TCE was
present at much lower concentrations in the upgradient Area 4 plume and other wells
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approximately upgradient from IW11 (MW129, MW22, MW38); this is also consistent with the
idea of a nearby source of TCE for the detection in IW11. Well IW11 also contained elevated
TCA (860 ppb) in the Phase II sample. The location of this sample is approximately
downgradient from the Area 4 plume. The TCA in IW11 could have originated from the Area 4
plume, which contained up to 1,000 ppb in the sample about 1,300 feet upgradient (at MW130);
there is no evidence that TCA is emanating from an Area 11 source. Therefore, it appears that
groundwater contamination at IW11 is a mixture of contaminants originating from separate
sources in Area 11 (the likely TCE source) and Area 4 (the likely TCA source).

The strength of the Area 11 TCE source (i.e., the quantity of TCE present, based on extent and
concentrations in subsurface soils) is not great compared to several other contaminant sources in
the study area, because the TCE plume at Area 11 is not extensive or concentrated: well MW128,
located 140 feet west (approximately downgradient) of IW11, showed no detection of TCE at a
detection limit of 250 ppb. This sample was diluted due to the presence of ppm levels of ETX
compounds. The downgradient extent of the Area 11 TCE plume probably does not extend to
wells MW127 (detection limit of 12 ppb) and MW20 (detection limit of 1 ppb) located
approximately downgradient from Area 11. Based on these patterns, chlorinated VOCs in Area
11 do not appear to affect the residential area south of Harrison Avenue. However, as discussed
under other VOCs, aromatic VOCs (toluene, xylene, and benzene) originating in Area 11 appear
to have more extensive effects on downgradient groundwater quality.

A fifth area of TCE contamination of groundwater appears in the Area 8 plume (Sundstrand
plume). TCE detections were noted in two wells (IW23 and IW24) at 89 and 12 ppb,
respectively. This is another area where the TCE distribution pattern differs from that of TCA.
In the Area 8 TCE plume, TCE concentrations greater than 1 ppb were not observed west of the
facility boundary at Alpine Road; TCA, on the other hand, was present in several wells west of
Alpine Road. The difference in the extent between the TCE to TCA plumes in this area may
account for the characteristically low ratios of the TCE and TCA in the Area 8 plume. As shown
in Figure 4-34, the TCE/TCA ratio was less than 0.08 in Phase II wells in the Area 8 plume; low
ratios were also noted during Phase I. This Area 8 plume therefore has its own contaminant
fingerprint, with low ratios of TCE to TCA (less than 0.08); in addition, 1,1-DCE is an abundant
daughter product (see discussion on 1,1-DCE); these patterns were also noted in samples from
Phase I, when more samples were collected from this plume. The downgradient margin of the
Area 8 plume appears to extend to MW104, where MW104B and C have contaminant
fingerprints typical of this plume. As discussed for TCA, the origin of VOC contamination at
MW122 is not clear.

As shown in Figure 4-33, four other areas or plumes of TCE contamination exist in the study
area. However, the extent of these areas of TCE groundwater contamination and the location of
the source areas are not well known. Among these four final plumes, the highest concentration
(82 ppb) was found in well MW121 in the Area 16 plume near the western boundary of the
study area. Other wells approximately upgradient (MW116B, MW43) contained elevated TCE, as
was noted for TCA. The elevated concentrations in these wells, as well as their high TCE/TCA
ratios relative to other wells, suggest that these contaminants are in a separate plume than wells
to the east. The extent of this contaminated area is not known, but it most likely connects with

CDM Camp Dresser & McKee 4-106

i\1681-07\phasell
January 30, 1995



Section 4
Results of Contaminant Investigation

the TCE-PCE contamination observed in residential wells on Rock River Avenue to the south
(CDM, 1990).

TCE was detected at 68 ppb in MW1 in the northern portion of the study area, in a well where
TCA was not detected. In the plume figures, this contamination is referred to as the Area 17
"plume,” even though TCE contamination at this single location cannot be reliably defined as a
plume (i.e., connected to contamination in other wells). MW1 is an ISWS well which is part of a
well nest with MW2 (shallow well) and MWS5 (deep well), where contaminants have generally
been limited to the moderate-depth well (MW1, at about 50 feet below the water table). The
moderate depth of contamination at this location suggests a source some distance upgradient.
As discussed below, PCE was also detected in well MW1; TCE-PCE contamination was also
noted in groundwater samples collected from 1982 through 1985 from nearby municipal well
UWT7A located about 250 feet to the south (Wehrmann, 1988). The TCE-PCE contamination at
this location is consistent with the contaminant source being located at potential source Area 12
(Viking Chemical). This potential source area is located roughly upgradient of MW1, and
contains subsurface soils with high PCE, TCE, and TCA. However, the evidence is not
conclusive, because groundwater flow directions are not known accurately, and TCA was not
detected in MW1, while it was present as the third-most abundant compound in Area 12
subsurface soils.

TCE detections were noted at MW111A and B (16 and 20 ppb, respectively), wells where TCA
was also observed. This contamination is a single-location occurrence like Area 17, and is
referred to as the Area 18 plume. This is an area with no known history of industrial activity or
disposal. The lack of detectable TCE in surrounding areas (such as in the Area 15 plume to the
northwest) and the shallow depth of contamination (upper 75 feet) show that the Area 18
“plume” is an isolated contaminated area, and suggests a local source for the contamination.

A single elevated TCE concentration of 14 ppb was reported for MW140 (Area 19 "plume"). This
well is located about 300 feet downgradient of Suntec Industries; based on reports submitted to
IEPA, near-surface soils in the western portion of this facility contain TCA, TCE, and PCE.
Suntec has been operating a soil vapor extraction system in the area as a remedial measure for
the soils. The detection of TCE at MW140 combined with lower concentrations in wells
upgradient (IW9, MW142) suggests that some of the TCE in near-surface soils at Suntec is
migrating in groundwater. Soil vapor extraction is not an effective technology for a groundwater
remediation. The downgradient extent of the Area 19 plume is not known, as contaminant
concentrations are quite low.

All other detections of TCE not noted above are at less than 10 ppb; many of these are most
likely in dispersed portions of the Area 7 plume, such as those found in the residential area
between Twentieth and Ninth Streets. As discussed under TCA, some southward migration of
the Area 7 plume may have resulted from pumping at municipal well UW35 (the location of
MW9, MW29, and MW118). The proportion of contaminants at these wells (TCA > TCE) is
consistent with observation of the Area 7 plume. A dispersed Area 7 plume may account for the
TCE detections near and west of Twentieth Street and Harrison Avenue (such as IW9, MW32,
and MW17), as well as for detections just upgradient of the main area of contaminated
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subsurface soils in Area 7 (MW112A and B, MW122A). The presence of both TCE and TCA in
these wells is characteristic of the Area 7 plume.

PCE

Tetrachloroethene (PCE) was detected in Phase II groundwater samples from 40 of 88 (45%)
unconsolidated aquifer wells, and from 14 of the 32 (44%) bedrock aquifer wells sampled. PCE
is used as a dry-cleaning solvent; in degreasing and drying metals and other solids; as a solvent
for waxes, greases, fats, oils, and gums; in manufacturing printing inks and paint removers; in
preparation of fluorocarbon and trichloroacetic acid; in vermifuge; and in organic synthesis. Of
the 54 wells with detections of PCE, 19 wells in the unconsolidated aquifer and 10 in the bedrock
aquifer were above the MCL for PCE, which is 5 ppb. The distribution of PCE in wells sampled
in Phase Il is presented in Figure 4-35. The highest concentration (1,200 ppb at MW135) and the
most extensive area of detections of PCE was in the area hydraulically downgradient from Area
7. As depicted in Figure 4-35, this area occupies much of the same territory underlain by the
Area 7 TCA and TCE plumes. Throughout the zone from Area 7 to the MW101 well nest, PCE
has similar distribution patterns as those of TCA and TCE. These include a similar position of
the plume's center line, a gradual downward migration of the plume's center of mass, and a
gradual attenuation of contaminant concentrations in the downgradient direction. Throughout
this area, PCE concentrations generally parallel those of TCA and TCE: in 13 of 16 wells, the
ratio of PCE to TCA falls within the relatively narrow range of 0.09 to 0.16.

Downgradient of the MW101 nest, PCE/TCA ratios in Phase II samples were significantly lower,
being 0.01 or 0.02 where PCE was detected. The declining ratio of PCE to TCA west of MW101
suggest that PCE has been proportionally more rapidly attenuated in the Area 7 plume than
TCA (or TCE). A slower migration rate for PCE relative to TCA and TCE is commonly seen at
sites of groundwater contamination, and probably relates to the lower solubility of PCE than
TCA and TCE, and to a higher tendency toward sorption onto aquifer solids. In the study area,
slower migration for PCE than TCA or TCE can also be observed in the Area 8 plume. The
degradation of PCE to its daughter products is another factor affecting the downgradient
decrease of this compound. Valid comparisons cannot be made for other plumes in the study
area, either because of the limited extent of these plumes, the low number of sampling locations
within each plume, or the lack of PCE in source materials (as in the Area 4 plume).

The second most abundant PCE concentration was found in the Area 8 plume, where 310 ppb
was detected in IW23 (Sundstrand well MWS5). The Area 8 PCE plume extends about 1,200 feet
to the west (downgradient), to near the facility boundary. This plume is smaller than the Area 8
TCA plume, again showing greater attenuation of PCE relative to TCA. In the three wells with
the highest TCA concentrations in the Area 8 plume (IW23, IW24, and MW107A), the ratios of
PCE to TCA decline from 0.12 to 0.05 to less than 0.01.

As was observed for TCA and TCE, concentrations of PCE are elevated in an area beginning
near Ninth Street and Harrison Avenue and extending southwest (downgradient; see Figure 3-
11) to perhaps the area of MW117. This relatively extensive area was termed the MW126B-124
plume for TCA and TCE, and the PCE plume in this area is broadly similar in outline. Based on
its slower migration than TCA and TCE in groundwater environments of the study area and the
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fact that PCE is not a degradation product, PCE is especially useful in indicating proximity to a
contaminant source. For instance, at MW46 and other wells in the Area 9/10 plume, elevated
PCE concentrations are higher than any PCE concentrations within 1.5 miles upgradient. This
abrupt increase in PCE strongly suggests the presence of a nearby contaminant source of PCE to
the groundwater, as was suggested for TCA and TCE.

A single PCE detection of 260 ppb was reported for IW5 in the Area 13 "plume" (Acme Solvents).
The extent of any plume originating at Area 13 is unknown; any such plume would pass north
of well MW132 and, if PCE is still mobile at that point, further migrate to the southwest toward
the vicinity of Kishwaukee Street and Harrison Avenue.

An elevated detection of PCE was reported for IW8 (32 ppb) on the Suntec Industries property.
This detection is consistent with reports submitted to IEPA detailing near-surface soil
contamination by PCE, along with TCE, TCA, and xylene. Downgradient impacts of this
contamination appear to be minor, as none of the nearby downgradient samples showed
concentrations greater than 1 ppb.

The detection of PCE at 22 ppb in MW1 in the northern portion of the study area (Area 17
"plume") parallels the TCE detection there. As for TCE, the deeper well of the nest (MW5) had
much lower concentrations (5 ppb of PCE). Detections of PCE were also noted in nearby
municipal well UW7A, located about 300 feet to the south. Elevated PCE concentrations were
reported for subsurface soils collected in Area 12 (Viking Chemical), which is roughly upgradient
of MWS5; this suggests a possible connection between Area 12 and Area 17 contamination. The
extent of the groundwater contamination beyond that observed at MW1 is unknown; however,
contaminants may migrate toward the area of Kishwaukee Street and Harrison Avenue, based
on general groundwater flow directions.

A final area of PCE contamination of groundwater is at MW111A and B (12 and 18 ppb,
respectively; Area 18 "plume"). As postulated under the discussion of TCE, Area 18 appears to
be an isolated occurrence, as the concentration and proportion of VOCs (the PCE/TCA ratios at
these wells are 0.67 and 0.45, respectively) are unlike those in nearby plumes.

1,2-DCE

The compound 1,2-dichloroethene (1,2-DCE) is a compound that exists as two different isomers,
the cis and the trans. A mixture of the cis and trans isomers is used as a solvent for fats,
phenols, camphor, etc.; an ingredient in perfumes; a low-temperature solvent for sensitive
substances such as caffeine; a refrigerant; and in organic synthesis. However, the production of
1,2-DCE is at relatively low volumes (less than 1,000 pounds per year; Vogel et al., 1987). The
existence of 1,2-DCE in the study area may rather be a function of its formation through the
biodegradation of TCE, a common contaminant in several source areas (see discussion below).
In 96 Phase II groundwater samples, analyses of 1,2-DCE were isomer-specific (cis-1,2-DCE and
trans-1,2-DCE), while in 24 samples the analyses were reported simply as 1,2-DCE (total).
Detections of 1,2-DCE were reported for 53 of the 88 unconsolidated aquifer wells (60%), while
16 of the 32 bedrock wells (50%) displayed detections of this compound. In every case where
the cis or trans isomer of 1,2-DCE was detected, cis was by far more abundant: in most of these
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samples, trans was not detected (undetected in 90 of the 96 isomer-specific samples), while in
cases where trans was detected, the cis isomer constituted 94% or higher of total 1,2-DCE. In
samples where 1,2-DCE (total) was reported, if it is assumed that 95% of 1,2-DCE (total) is
present as the cis isomer, then a total of 17 unconsolidated aquifer wells were above the MCL for
cis-1,2-DCE of 70 ppb, and five of the bedrock aquifer wells were above this MCL. The highest
detection of trans-1,2-DCE was 8 ppb, and thus it did not exceed the MCL in any isomer-specific
analyses. It is possible that the concentration of trans-1,2-DCE could have exceeded the MCL in
some samples where only 1,2-DCE (total) was analyzed, and where this concentration was high
(such as at MW135). In Phase II groundwater samples, 1,2-DCE generally follows the
distribution of other chlorinated organic compounds (see Figure 4-36). The highest
concentrations of 1,2-DCE were found in MW106A (5,900 ppb) and MW135 (2,800 ppb), wells
located immediately downgradient from Area 7. Downgradient from Area 7, concentrations of
1,2-DCE form a plume with similar shape and extent as the TCA and TCE Area 7 contaminant
plumes. In the downgradient direction, the 1,2-DCE plume tends to migrate deeper in the
subsurface, with significant concentrations affecting the dolomite aquifer at MW103, 133, 102,
and 101. Concentrations of 1,2-DCE generally decline in the downgradient direction in the Area
7 plume.

The high concentration of 1,2-DCE at MW106A is significant in that TCE and PCE were not
detected in that sample. This pattern is repeated in Area 7 in that TCE was also present at
proportionally low concentrations in subsurface soil and soil gas samples from near the
basketball courts, located in Area 7 and about 200 feet upgradient of MW106. In the same area,
proportionally high concentrations of 1,2-DCE exist in subsurface soils from near the basketball
courts (1,2-DCE was not analyzed in soil gas samples). Along with the groundwater sample
from MW106A, there appear to be an inverse relationship between the abundance of TCE and
1,2-DCE in this vicinity. A possible explanation for this pattern is through degradation of a large
portion of the original TCE in the highly-contaminated soils. As noted by Olsen and Davis
(1990), biological degradation of TCE generally produces 1,2-DCE; as shown at other sites of
chlorinated solvent contamination, this degradation proceeds most readily in an anaerobic
environment in the subsurface (see Cline and Viste, 1985; Parsons et al., 1985; Vogel and
McCarty, 1985); further discussion of biodegradation, including a flow chart, is presented in
Figure 4-37. An anaerobic environment, or at least one with very low oxygen content, is
indicated in highly-contaminated portions of Area 7. As discussed under xylene in subsection
4.5, the presence of high concentrations of readily degradable petroleum-related hydrocarbons
(xylene, toluene, ethylbenzene, naphthalene) in these zones indicates low-oxygen or anaerobic
conditions there. As a result, the highly-contaminated soils in parts of Area 7 have the proper
conditions for the biological degradation of TCE to form 1,2-DCE.

The compound 1,2-DCE was detected in distinct areas of elevated concentration in groundwater
in six of the eight areas or plumes that were defined for TCA. Elevated concentrations were not
observed in the Area 11 or Area 15 plumes.

The highest concentration of 1,2-DCE outside the Area 7 plume was found in well IW1 (1,400
ppb) in the Area 13 plume, immediately downgradient of the former Acme Solvents facility.
Well IW5, located upgradient of, but adjacent to, the facility, contained 190 ppb, while IW4,
located about 120 feet upgradient, did not contain detectable 1,2-DCE. Similar to patterns for
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other contaminants, groundwater contamination originates at this facility; however, the
downgradient extent of any plume cannot be defined. If an extensive plume exists, it would
have to pass north of MW132 (flowing west-northwest from the facility) and then probably arc
toward the southwest, generally following groundwater gradients, toward the area of
Kishwaukee Street and Harrison Avenue.

The next-highest concentration of 1,2-DCE outside the Area 7 plume was in the Area 8 plume,
where IW23 had 390 ppb. One downgradient well, IW21, had 8 ppb of cis-1,2-DCE.

Elevated concentrations of 1,2-DCE were reported for the area defined above as the Area 9/10
plume. Concentrations reached 210 ppb (at MW124) in this plume. The 1,2-DCE plume in Area
9 appears to have similar extent as the plume defined for TCA.

Slightly elevated concentrations of 1,2-DCE were present in the final three areas that showed
contamination by TCA (Area 4, Area 16, and Area 18). Peak concentrations of this compound
were between 25 and 50 ppb in these areas.

1,1-DCA and 1,1-DCE

The compounds 1,1-dichloroethane (1,1-DCA) and 1,1-dichloroethene (1,1-DCE) were the third
and fourth most-frequently detected compounds in Phase II groundwater samples. Their
widespread distribution probably reflects their origin as common degradation products of TCA
(Olsen and Davis, 1990; also see subsection 4.9). The compound 1,1-DCA commonly forms
through the biological degradation of TCA in an anaerobic environment, while 1,1-DCE has been
reported to form primarily by abiotic degradation (in either aerobic or anaerobic environments)
of TCA; the TCE to 1,1-DCE transformation is a minor pathway. These two compounds
generally follow the distribution of other chlorinated organic contaminants discussed above, with
elevated concentrations being found in the contaminant plume located downgradient from Area
7 (up to 330 ppb for 1,1-DCA, at MW103C, and 180 ppb for 1,1-DCE, at MW135; see Figure 4-30
for locations). Concentrations generally decline in the downgradient direction.

Elevated concentrations of 1,1-DCA downgradient from MW20 strongly indicate that an
additional source of chlorinated VOC contamination affects groundwater downgradient from
MW20. Concentrations of 1,1-DCA are relatively low at MW127, MW20, and MW41 (15 to 52
ppb); downgradient from MW20, concentrations of 1,1-DCA at MW125, MW126A and B, and
MW124 are considerably higher (94 to 2,100 ppb). These concentrations are too high to have
originated from the Area 7 or Area 11 plumes located approximately upgradient from MW20.
These elevated concentrations are at the same locations noted to have contained elevated
concentrations of other VOCs, which were named the Area 9/10 plume.

Throughout the Area 7 plume and most other groundwater contaminant plumes, 1,1-DCE is
present at concentrations consistently less than those of its likely parent compound, TCA.
However, in several wells near MW20 (within the Area 9/10 plume), located approximately
downgradient from Area 11, the concentration of 1,1-DCA is considerably greater than that of
TCA (at MW127, MW20, MW125, MW126A and B, and MW41). This pattern, also noted in the
Phase I report (CDM, 1992), appears to indicate that TCA has undergone additional degradation
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in the area of these wells. Such a degradation process may be facilitated by the presence in this
area of an additional source of organic carbon (benzene, toluene, ethylbenzene, and xylene
[BTEX]) from potential source Area 11 located about 1,000 to 2,000 feet upgradient of these wells,
as well as low dissolved oxygen contents (which are likely, based on the persistence of the
easily-degradable BTEX compounds in the wells in question; see discussion below on BETX
compounds). As noted above, the degradation of TCA to 1,1-DCA proceeds most readily in an
anaerobic environment, and the addition of the extensive source of BTEX and other related
petroleum compounds from Area 11 appear to have created the requisite conditions.

The low concentrations of 1,1-DCA at MW127, MW20, and MW41 probably formed through the
degradation of TCA in the trailing parts of the Area 7 and Area 11 plumes just upgradient, in
the area where the high BTEX compounds from Area 11 encounter the Area 7 and Area 11
plumes. The strongly elevated concentrations of 1,1-DCA at MW125, MW126A, and MW126B
also probably formed through degradation (note the high BTEX concentrations in these wells),
but higher concentrations probably result from the addition of TCA from a nearby contaminant
source area; the TCA subsequently degrades in this favorable subsurface environment. As
discussed under TCA, the suspected source area is probably located north of, and side-gradient
to, MW20, near the boundary between Areas 9 and 10.

Another piece of evidence favoring the biodegradation hypothesis near MW20 is the fact that the
concentration of 1,1-DCE is low relative to 1,1-DCA. As 1,1-DCE results not from the
biodegradation of TCA, but as a product of abiotic degradation of TCA, it would not be expected
to be present at elevated levels where no new TCA source has affected the aquifer, such as at
MW127, MW20, and MW41. These wells are upgradient or side-gradient to the suspected TCA
source area near the boundary between Areas 9 and 10, but are downgradient from and affected
by the elevated BTEX compounds from Area 11. It is therefore consistent with the idea of
biodegradation that the concentrations of 1,1-DCA but not 1,1-DCE are at elevated levels in
MW127, MW20, and MW41 relative to wells upgradient.

In other areas, 1,1-DCA and 1,1-DCE generally follow the distribution of TCA, as might be
expected based on their likely origin through the degradation of TCA. These daughter
compounds were both detected in the Area 4, Area 8, Area 9/10, and Area 15 contaminant
plumes, as was TCA. Of the two compounds, only 1,1-DCE was detected in the small Area 18
plume, which showed low concentrations of TCA. Neither 1,1-DCA nor 1,1-DCE was detected in
the Area 11 plume, but this was probably due to elevated detection limits (500 ppb) in the single
sample (IW11) containing TCA in Area 11. Neither 1,1-DCA nor 1,1-DCE was detected in MW1
or MWS5 collected from the northern part of the study area (Area 17 plume); TCE was detected
and TCA not detected in these samples. Such a pattern is to be expected at this well nest,
because 1,1-DCA and 1,1-DCE are expected to follow TCA, based on their likely derivation
through degradation of TCA and not from TCE.

Vinyl Chloride

Vinyl chloride was detected at ten of the 120 monitoring wells sampled in Phase II; in seven of
these wells the concentration was above the MCL for vinyl chloride of 2 ppb. Concentrations of
vinyl chloride ranged up to 75 ppb at MW134A; detections were reported from wells in the Area
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7, Area 9, and Area 13 contaminant plumes. The detections of vinyl chloride were limited
primarily to wells where degradation products were present in especially high proportions
(particularly 1,1-DCA, 1,2-DCE, and chloroethane). The highest vinyl chloride concentrations
(above 10 ppb) were found in wells where BTEX compounds were also present (at MW134A,
IW3, MW41, and MW126B). Though vinyl chloride is produced in large quantities, its existence
in the study area is likely attributable to biodegradation. These patterns are in line with the
common origin of vinyl chloride as a result of the biodegradation of 1,1-DCE or 1,2-DCE (Vogel
et al., 1987), which occurs in anaerobic systems. The presence of BTEX compounds at or just
upgradient from these wells denotes a low-oxygen, possibly anaerobic, environment.

Vinyl chloride does not persist far downgradient from wells where it was detected. This may be
due to the resumption of oxygenated conditions in the aquifer downgradient from these wells,
which is indicated by the depletion of the BTEX compounds; vinyl chloride has been shown to
be susceptible to biodegradation in an aerobic environment (Hartmans et al., 1985). The
resumption of oxygenating conditions in the aquifer makes sense for the study area, where the
water table is relatively shallow and subsurface materials are relatively permeable, glacially-
derived deposits that allow easy infiltration of oxygen-bearing precipitation water. The pattern
of vinyl chloride distribution is similar to BTEX compounds in that both become attenuated not
far downgradient from source areas. Based on the susceptibility of both sets of compounds to
aerobic biodegradation (see discussion on BTEX compounds below), the relatively rapid
attenuation of these compounds is probably explained by biodegradation. Alternatively, the lack
of persistence of vinyl chloride may be due to its high vapor pressure (2,600 mm Hg), resulting
in losses through volatilization.

Other Chlorinated Compounds

As summarized in Table 4-8, the following additional chlorinated compounds were detected at
between one and 17 of the 120 monitoring wells sampled in Phase II: chloroform, 1,2-
dichloroethane, methylene chloride, chloroethane, 1,1,2-trichloroethane, 1,2-dichloropropane,
bromochloromethane. Of these compounds, MCLs exist and were exceeded for 1,2-
dichloroethane, methylene chloride, 1,1,2-trichloroethane, and 1,2-dichloropropane.

Among the compounds listed above, the greatest number of exceedances of MCLs was reported
for methylene chloride, detected in six Phase II-sampled wells at concentrations above its MCL of
5 ppb. Methylene chloride is used in paint removers, solvent degreasing, plastics processing, as
a blowing agent in foams, in solvent extraction, and as a solvent for cellulose acetate. Two of the
wells with methylene chloride detections were in the Area 13 plume, where IW1 and IW3
contained 2,700 and 10 ppb; IW23 in the Area 8 plume contained 390 ppb. Other detections
above the MCL were at MW102C (55 ppb) in the Area 7 plume, MW102A (23 ppb) in the
perched aquifer, and MW130 (8 ppb) in the Area 4 plume. Detections of methylene chloride
below the MCL were noted for wells in the Area 9, Area 13, and Area 8 plumes.

The compound 1,2-dichloroethane (1,2-DCA) was detected in six Phase II-sampled wells at
concentrations above its MCL of 5 ppb; the peak concentration was 26 ppb (MW105B). Three of
these detections were in the Area 7 plume (at MW105B, MW105A, and MW134B), two were in
the Area 9/10 plume (at MW126B and MW125), and one in the Area 13 plume (at IW3).
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Detections of 1,2-DCA below the MCL were reported for wells in the Area 7, Area 9, and Area
13 plumes. This compound has uses as a vinyl chloride solvent; a lead scavenger in antiknock
unleaded gasoline; in paint, varnish, and finish removers; metal degreasers; soaps and scouring
compounds; wetting and penetrating agents; organic synthesis; ore flotation; tobacco flavoring;
and as a soil and foodstuff fumigant. Neither methylene chloride nor 1,2-DCA are known to be
products of degradation; therefore, their presence in the study area probably reflects initial
disposal of products containing these compounds, rather than originating through degradation.

The compound 1,1,2-trichloroethane was detected at two wells sampled in Phase II, both located
in the Area 9/10 plume. The concentration of 60 ppb reported from MW124 exceeds the MCL of
5 ppb. This compound is used as a solvents for fats, oils, waxes, resins, and other products; and
in organic synthesis.

The single detection of 1,2-dichloropropane was reported from well IW3 in the Area 13 plume;
the concentration of 7 ppb at that well exceeds the MCL of 5 ppb. This compound has a wide
variety of uses, including as an intermediate for PCE and carbon tetrachloride; a lead scavenger
for antiknock fluids; a solvent for fats, oils, waxes, gums, and resins; in solvent mixtures for
cellulose esters and ethers; scouring compounds; spotting agents; metal degreasing agents; and
as a soil fumigant for nematodes.

Though detected in only eight wells sampled in Phase II, chloroethane was present in
concentrations ranging up to 500 ppb. The seven highest detections were located in wells in the
Area 9/10 plume. As noted above, wells in this plume have proportionally high concentrations
of the likely biodegradation daughter products 1,1-DCA and vinyl chloride. = Chloroethane can
form through the biodegradation of either 1,1-DCA or cis-1,2-DCE, which can occur under
anaerobic conditions (Vogel et al., 1987). As discussed above, 1,1-DCA is abundant in the Area
9/10 plume, and the requisite anaerobic or at least low-oxygen conditions for degradation of 1,1-
DCA to chloroethane are likely provided by high BTEX concentrations originating from Area 11
or other unknown sources just upgradient from the Area 9/10 plume. Vogel and McCarty (1987)
found in their research that the rate of the transformation of 1,1-DCA to chloroethane is slower
than the transformation of TCA to 1,1-DCA. The low concentration of chloroethane relative to
1,1-DCA throughout the study area is consistent with these findings. In addition, the association
of chloroethane in areas where other biodegradation products are present, particularly where
these concentrations are combined with low oxygen content in groundwater, supports the
activity of biodegradation in producing chloroethane concentrations in groundwater.

Chloroform was detected in 17 of the 120 wells sampled in Phase II. Of the wells with
detections, the highest concentrations and greatest number of detections were reported from
Area 7: ten wells in the Area 7 plume had chloroform detections, and concentrations ranged up
to 72 ppb at MW101C. The other detections of chloroform were scattered among wells in the
Areas 9, 13, 18, and 19 plumes, where concentrations ranged from 0.4 to 13 ppb. There is no
MCL for chloroform specifically; however, an MCL of 100 ppb applies to the total of
trihalomethanes as a group, of which chloroform is one compound. No other trihalomethanes
were reported from groundwater samples in the study area, and this MCL was therefore not
exceeded. Chloroform has uses in fluorocarbon refrigerants, fluorocarbon plastics, analytical
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chemistry, insecticides, and anesthetics; as a solvent for natural products and a soil fumigant; in
the preparation of chlorodifluoromethane; and in cleaning electronic circuit boards.

Benzene, Toluene, Ethylbenzene, and Xylene

Benzene, toluene, ethylbenzene, and xylene (BTEX) compounds were detected in groundwater
from eight, 28, 16, and 23 wells, respectively, of the 120 wells sampled in Phase II (see Table 4-8).
Detections above the MCL for these compounds were reported for five, eight, four, and two of
these wells. In general, detections of these compounds were found in the same or in nearby
samples. For example, while toluene was the most frequently detected compound of the group,
most detections of the other BTEX compounds were found in samples that also had detections of
toluene. Likely sources of these components from spillage of varnishes, solvents, and paint
removers. Gasoline is also a possible source, however relatively low concentrations of benzene
compared to ETX compounds does not support this. Based on their similar distribution pattern
as well as their similar properties, BTEX compounds are discussed together.

Detections of BTEX compounds were noted at or near many of the potential source areas that
have elevated chlorinated VOCs. However, BTEX compounds have their own distribution
patterns that differ from those of the chlorinated VOCs in two important ways: 1) though BTEX
compound concentrations may be extremely high (up to 310 ppm) at specific locations, these
compounds are attenuated rapidly in the subsurface and do not form extensive plumes; and 2)
some BTEX compound detections in groundwater were found in wells where chlorinated VOCs
were not detected. Figure 4-38 shows the maximum BTEX concentration at the Phase II
sampling locations.

The highest and most extensive concentrations of BTEX compounds in groundwater were found
in Area 11. IW10 contained 310,000 ppb of toluene (other compounds were not detected at the
detection limit of 20,000 ppb), while the total concentration of BTEX compounds was 149,800 and
29,123 ppb at nearby wells IW11 and MW128, respectively. The concentration of toluene in IW10
is about 60% of its solubility of 515 ppm; along with the results of subsurface soil sampling in
Area 11, this indicates that a light non-aqueous phase liquid (LNAPL) may be present in this
area. BTEX compound concentrations downgradient from the Area 11 high contamination zone
are about three orders of magnitude lower than in the high contamination zone, and thus
probably represent dissolved-phase contamination by BTEX compounds. All wells between
MW127 and MW124 (also including MW20, MW125, MW126A and B, and MW41) contained
detectable BTEX compounds, at con<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>